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^ recombinant 0NA technique, which has protease resistance and thermal stability and is expected to have longer 

q lifetime in blood than those of a naturally-occurring form. 
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NOVEL POLYPEPTIDES 



FIELD OF THE INVENTION 



The invention relates to novel polypeptides having an amino acid sequence which allows addition of at 
5 least one carbohydrate chain thereto, glycosylated polypeptides derived from said polypeptides, deox- 
yribonucleic acids (DNA) coding for said polypeptides or glycosylated polypeptides, recombinant plasmids 
containing said DNA, host cells transformed with said recombinant plasmids, and a method of producing 
said polypeptides or glycosylated polypeptides which uses the transformant cells. 

This invention is applicable to each and every polypeptide. The polypeptides having a newly added 
io carbohydrate (or oligosaccharide) chain as provided by this invention have diverse carbohydrate chain 
functions added and are superior in physicochemicai properties and/or activities to the corresponding 
naturally occurring proteins. Therefore, the carbohydrate chain-added polypeptides according to the 
invention are expected to be useful in a wide range of fields. 

When the polypeptide or glycosylated polypeptide according to the invention is human granulocyte 
75 colony stimulating factor (hG-CSF), for instance, the hG-CSF with an additional carbohydrate chain added at 
an appropriate site has increased resistance to protease. This novel hG-CSF is fully expected to show 
slower blood clearance and is expected to be useful as a drug. 

When the polypeptide or glycosylated polypeptide according to the invention is urokinase (UK), the UK 
with an additional carbohydrate chain added at an appropriate site is superior in thrombolytic activity to the 
20 corresponding UK having no such chain and is expected to be useful as a therapeutic agent for cerebral 
thrombosis, myocardial infarction and so forth. 

BACKGROUND OF THE INVENTION 

25 

While proteins produced in prokaryotes, such as Escherichia coli , have no carbohydrate chain, proteins 
produced in eukaryotes, such as yeasts, fungi, plant cells or animal cells, have a carbohydrate chain or 
chains in many instances. 

30 Carbohydrate chains involved in gfycosylation are roughly classifiable into two main groups. One group 
includes N-!inked or N-glycosylated carbohydrate chains bound to the asparagine (Asn) residue in proteins 
and the other includes O-linked or O-glycosylated chains bound to the serine (Ser) or threonine (Thr) 
residue in proteins. 

N-giycosylated carbohydrate chains have a common basic core structure composed of five monosac- 

35 charide residues, namely two N-acetylglucosamine residues and three mannose residues, and are classified 
into three types: high mannose type, complex type and hybrid type (Fig. 1). A precursor to these 
asparagine-linked carbohydrate chains is the lipid intermediate (Glc-3MansGlcNAc2-PP-Dol) (Fig. 2) com- 
posed of dolichol, which is polyisoprenoid alcohol comprising 18 to 20 isoprene units, and a carbohydrate 
chain composed of two N-acetylglucosamine residues, nine mannose residues and three glucose residues 

40 and bound to said dolichol via pyrophosphoric acid. 

The reaction route leading to the formation of the lipid intermediate is well known as the "dolichol 
phosphate cycle" (Fig. 3). 

The carbohydrate chain portion of the lipid intermediate is transferred as a whole to the Asn residue in 
an amino acid sequence (N-glycosylation site), such as Asn-X-Ser/Thr, in a polypeptide chain under 

45 formation within the cisterna of the rough-surfaced endoplasmic reticulum (rER), whereby an N-glycoside 
linkage is formed. In the above sequence, X may be any amino acid other than proline (Pro). This reaction 
is known to be catalyzed by "oligosaccharyl transferase", a kind of membrane enzyme. Thereafter, the 
carbohydrate chain undergoes trimming and processing in the process of passing through the rER and 
Golgi body, whereby a carbohydrate chain of the high mannose, hybrid or complex type is worked up (Fig. 

so 4). It is known that a number of giycosidases and glycosyl transferases are involved in the process of 
trimming and processing. 

While high mannose type carbohydrate chains are often encountered in glycoproteins of animal or plant 
origin as well as in yeast and fungal glycoproteins, it is presumed that carbohydrate chains of the complex 
type are limited to glycoproteins of the animal origin. 

N-Glycosylated carbohydrate chains are bound to the Asn residue in Asn-X-Ser/Thr (X being any amino 
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acid other than Pro) in polypeptides, as mentioned above. However, many proteins contain an un- 
So^^S-mJ sequence or sequences and the presence of this sequence does ; not a ways 
S I addition of a carbohydrate chain thereto. In fact, William J. Lennarz et al. suggest that the three- 
dimens^na. structure of a protein is important in inducing binding of a carbohydrate cha^ The.r suggestion 
fsTa % i the finding that simple tripep tides having the sequence Asn-X-Ser/Thr and denatured proteins 
free of a complicatedly folded spatial structure such as natural proteins have are comparatively readily 

9,y Tn yl tte d rhThlt ,y crgSc?sylated carbohydrate chains are bound to the Ser or Thr residue in 
polypeptides via N-acetylgalactosamine, which is generally followed by galactose s«a ilic acid . tee a^ 
termLl acetylgalactosamine [Suzuki et al, Tanpakushitsu. Kakusan. Koso. 30. 513 (1985)]. Unhke the case 
of the above-mentioned N-g.ycosy.ated carbohydrate chains it is believed fhat the, «gj^,2 
involve the rER but is always conducted in the Golgi body [Johnson et al.: Cell, 32. 987 (1983)]. Also un I ke 
the case of the N-glycosylated there is no rule on the amino acid sequence required glycosy rta ton. It is 
known however, that the tendency toward glycosylation increases when Pro occurs .n the vicinity, fo 
example in the sequences Pro-Thr/Ser. Thr/Ser-Pro and Thr/Ser-X, - 3 -Pro (X being any amino acd) 
fTakahashi et al.: Proc. Natl. Acad. Sci. USA, 81, 2021 (1984)]. 

Many of the substantial biologic function? of carbohydrate chains in glycoproteins remain unknown. 
However, a number of investigations on glycoproteins have already revealed diverse functions of carbohy- 

drat FiS nS it is known that carbohydrate chains stabilize proteins. Retardation in blood clearance is an 
example. It is known that human erythropoietin (having no asparagine-linked carbohydrate ^am) produced 
by means of gene introduction into Escherichia coli or human erythropoietin enzymatically treated for 
carbohydrate chain elimination shows activity in vitro but undergoes rapid clearance and decr^sed 
activity in vivo [Dordal et al.: Endocrinology, 116. 2293 (1985) and Browne et al.: Cold Spr. Harb. Symp. 
QuSbToITsi 693 (1986)]. In the case of humTn granulocyte macrophage colony stimulating factor (hGM- 
CSF) the natural form of which has two N-glycosylated carbohydrate chains, it .s known that the rate of 
clearance from the rat plasma increases in proportion to the reduction in the number of carbohydrate chains 
[Donahue et al,. Cold Spr. Harb. Symp. Quant Biol.. 51. 685 (1986)]. The rate of clearance and the >a* of 
Searance vary depending on the carbohydrate chainTtructure as we... Thus, it is known ^' a ; c s ^' d ; 
containing hGM-CSF undergoes clearance in the kidney while hGM-CSF after sialic acd el m.nation shows 
an Sased rate of clearance and undergoes clearance in the liver. Furthermore. «,-ac.d I glycoprotems 
differing in carbohydrate structure as biosynthesized in a rat liver primary culture system in the presence o 
different asparagine-linked carbohydrate chain biosynthesis inhibitors were exam.ned for the rate , of 
clearance from the rat plasma and for the rate of clearance from the rat perfusate. It was ound that in both 
»,uids the clearance rates were in the following order: high mannose type > carbohyd^e cha *hM aerrt 
type > hybrid type > complex type (natural form) [Gross et al.: Eur. J. Biochem.. 162, 83 (1887)1 
another example of stabilization, it is known that carbohydrate chains provide proteins wrfh protease 
resistance. In the case of fibronectin, for instance, inhibition of carbohydrate chain formation by means of 
tunicamycin results in an increased rate of decomposition of the intracellular product protein . ..e carbohy- 
SZSS^Mm* fibronectin [Olden et a.. Cell. 13. 461 (1987)]. .t is also known that «bo^dn^ 
addition increases thermal stability and/or freezing resistance. Furthermore, .t is known that carbohydrate 
nai s contribute to increased solubility of proteins, for example in the case of ^^^^Z 
Carbohydrate chains are helpful for proteins to maintain their proper three-d.ment.onal structure. In the 
case of the vesicular stomatitis virus membrane-bound glycoprotein, it is known that 
; naturally occurring N-glycosylated carbohydrate chains results in inhibition of the transport of the protein to 
hTceT surface and that addition of new carbohydrate chains to the protein results ,n recovery ■ rt this 
transport. In this case, it has been revealed that carbohydrate chain elimination leads to indue ion of the 
aqqregation of one protein molecule with another via disulfide bond and. as a result, protein transport is 
?Sea t I considered that the newly added carbohydrate chains can inhibit this aggregation ^ and 
, maintain the proper three-dimentional structure of the protein, thus making the protein transport ^n 
possible in the case mentioned above, it has been shown that the sites for new carbohydrate chain addition 
are considerably flexible. To the contrary, it has been found that carbohydrate chain «Mdu»^ at some 
sites results in complete inhibition of the transport of th protein having natural carbohydrate charns [Rose 
et a..: J. Biol. Chem., 263, 5948 and 5955 (1988)]. 

Instances are alsSTnown where antigenic sites on polypeptides are masked by carbohydrate chains. 
For hGM-CSF. prolactin, interferon-^. Rauschcer leukemia virus gp70 and influenza "emaggluti expen- 
ments using polyclonal antibodies or monoclonal antibodies to specific regions on peptides have led to the 
conclusion that the carbohydrate chains on these proteins inhibit the reaction with the antibodies. On the 
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other hand, it is also known that carbohydrate chains in some proteins induce immune reactions. It is thus 
suggested that carbohydrate chains might play a dual role. 

It is further known that carbohydrate chains themselves are directly involved in the expression of activity 
of glycoproteins in some instances. Examples are glycoprotein hormones, such as luteinizing hormone, 

s follicle-stimulating hormone arid chorionic gonadotropin. 

Finally, involvement in recognition phenomena may be mentioned as an important function of carbohy- 
drate chains. Many instances are known where carbohydrate chains are considered to be involved in cell- 
cell, protein-protein or cell-protein recognition phenomena. That different carbohydrate chain structures may 
be indicative of different sites of in vivo clearance is an example. 

w In the foregoing, mention has been made of the structures and functions of carbohydrate chains in 
glycoproteins. The means of analyzing the structures and functions of carbohydrates have advanced 
remarkably, making it possible to analyze physicochemical properties of carbohydrate chains bound to 
peptide skeletons from various viewpoints. 

In particular, it deserves special mentioned that highly specific enzymes (exoglycosidases) eliminating 

is monosaccharides one by one and glycopeptidases or endoglycosidases cleaving the site of binding to a 
peptide chain without damaging either the peptide chain or the carbohydrate chain are now available for use 
in detailed investigations as to the biological roles of carbohydrate chains. It is also possible to add one or 
more additional carbohydrate chains to proteins by using glycosyltransferase. It is further possible to add 
sialic acid to the end of a carbohydrate chain by using sialy (transferase. Techniques are well known for 

20 modifying the carbohydrate chain to be added by using various glycosyltransferase inhibitors or 
glycosidase inhibitors. 

Although there are some cases where the techniques of carbohydrate chain addition were applied for 
the purpose of investigating the functions of carbohydrate chains, as in the case of the above-mentioned 
vesicular stomatitis virus membrane glycoprotein, such techniques have never been used for the production 

25 of improved polypeptides of high commercial value. Generally, many (physiologically active) polypeptides 
have undesirable properties; for example, they are readily cleaved with protease and their activity is 
reduced, heat treatment reduce their activity, they readily undergo clearance when administered to living 
bodies, and so forth. There have been no cases known as yet in which attempts have been made to 
increase protease resistance, thermal stability or stability in blood by modifying the amino acid sequences 

so of such polypeptides and intentionally adding one or more new carbohydrate chains to the polypeptide of 
interest. The present inventors' have developed a means of improving various properties of such polypep- 
tides, as mentioned above, through the intentional addition of one or more new carbohydrate chains to such 
peptides. 

Generally, many physiologically active polypeptides are disadvantageous in that their activity is readily 
35 reduced by cleavage with protease or upon heat treatment or that they readily undergo clearance when 
administered to living animals including humans. For instance, urokinase (hereinafter referred to as "UK") is 
converted to an inactive form upon exposure to a protease called thrombin. It is an important task to 
improve physiologically active polypeptides with respect to such properties. 

40 

SUMMARY OF THE INVENTION 



A method has now been developed of providing physiologically active polypeptides with at least one 
45 new or additional carbohydrate chain to thereby accomplish the objects described above. The method of 
modifying the amino acid sequence of a polypeptide is to add at least one new carbohydrate chain to the 
modified polypeptide at a desired site, for example in the vicinity of a protease cleavage site. This method 
includes constructing a DNA coding for the modified polypeptide using recombinant DNA technology, 
constructing a recombinant expression vector with this DNA inserted in it, introducing the vector into a 
so microorganism or animal cells and causing the microorganism or cells to express the thus modified 
polypeptide. Upon investigating the properties of several glycosylated polypeptides obtained by this 
method, it was found that these polypeptides had been provided with the properties desired, such as 
protease resistance. The present invention has been completed based on such findings. 

Thus, th invention provides novel polypeptides having an amino acid sequence allowing addition of at 
55 least one carbohydrate chain, the resultant glycosylated polypeptides, DNAs coding for these polypeptides 
or glycosylated polypeptides, recombinant plasmids containing these DNAs, microorganism or animal cells 
harboring these recombinant plasmids, and a method of producing thes polypeptides or glycosylated 
polypeptides which use the microorganism or animal cells are all within this invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention is further illustrated with reference to the following drawings: 
s Fig. 1 illustrates the classification of N-glycosylated carbohydrate chains. The symbols used in the 

figure respectively have the following meanings and these definitions shall apply throughout the specifica- 
tion and appended claims: Glc: glucose; Man: rnannose; GlcNAc: 
N-acetylglucosamine; Gal: galactose; Sia: sialic acid: Fuc: fucose, 

Fig. 2 illustrates the structures of lipid intermediates. In this figure, "PP n stands for pyrophosphoric 

iq acid. 

Fig. 3 illustrates the dolichol phosphate cycle. The symbols used in the figure respectively have the 
following meanings: 

P : dolichol phosphate; P-P am : dolichol pyrophosphate; GDP: guanidine diphosphate; UDP: 

uridine diphosphate; ♦ : glucose; V : rnannose; •: N-acetylglucosamine. 
js Fig, 4 illustrates the system of biosynthesis of N-glycosylated carbohydrate chains. The symbols 

used in the figure respectively have the following meanings: 

■ : N-acetylglucosamine: o: rnannose; •: galactose; ♦: sialic acid; *: glucose; A: fucose. 
Fig. 5 shows the construction scheme for the plasmid pAS28. 
Fig. 6 shows the construction scheme for the plasmid pASN6. 
20 Fig. 7(1 ) shows the construction scheme for the plasmid pt19BD28CNl45. 

Fig. 7(2) shows the construction scheme for the plasmid pASN145, 

Fig. 8(1) shows the electrophorogram obtained by subjecting hG-CSF and hG-CSF[ND28] each 
purified following production in Escherichia coli as well as hG-CSF, hG-CSF{ND28], hG-CSF[ND28N6] and 
hG-CSF[ND28N145] each produced in CHO cells to SDS-poly aery lam ide electrophoresis followed by silver 
25 staining. 

Fig. 8(2) shows the result of enzyme-labeled antibody staining of proteins on the gel shown in Fig. 8- 
(t) after transfer onto a nitrocellulose membrane. An anti-hG-CSF monoclonal antibody was used as the 
antibody. 

Fig. 8(3) is a schematic representation of Fig. 8(2). 
30 Fig. 8(4) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28] with an 0- 

glycosylated carbohydrate chain newly added thereto and hG-CSF[ND28] without the carbohydrate chain 
such as carried out with respect to chymotrypsin resistance, together with a schematic representation of 
said result. 

Fig. 8(5) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28N6] with an N- 
35 glycosylated carbohydrate chain newly added thereto and hG-CSFlND28N6] without such chain as carried 
out with respect to chymotrypsin resistance, together with a schematic representation of the same. 

Fig. 8(6) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28N1 45] with an 
O-glycosylated carbohydrate chain or N-glycosylated carbohydrate chain newly added thereto and hG-CSF- 
[ND28N145] without such chain as carried out with respect to chymotrypsin resistance, together with a 
40 schematic representation of the same. 

Fig. 8(7) shows the result of a comparative test of hG-CSF[ND28N6] with an N-giycosylated 
carbohydrate chain newly added thereto and hG-CSF[ND28N6] having no such chain (as a result of 
elimination of such chain) as carried out with respect to thermal stability. The symbol o indicates N- 
glycanase treatment (hG-CSF[ND28N6] after N-glycosylated carbohydrate chain elimination) and the 
~<*5 — symbol-#~indtcatesrthe-controi (N-glycosyiated carbohydrate chain-added hG-CSF[ND28N6]). 

Fig. 9 shows the construction scheme for single-strand pUKm pSL 

Fig. 10 shows the construction scheme for the plasmid pUKS1. 

Fig. 11 shows the construction scheme for the plasmid pSE1UKSl*1d. 

Fig. 12 shows the result of SDS-polyacrylamide gef electrophoresis of naturally occurring pro-UK and 
so the UK derivative UK-S1 as carried out for comparing them with respect to thrombin sensitivity. 

Fig. 13 graphically shows the result of comparison of naturally occurring pro-UK and the UK 
derivative UK-S1 with respect to thrombin sensitivity as expressed in terms of amidolytic activity. 

Fig. 14(1) and Fig. 14(2) show the process for synthesizing a cDNA by the Okayama-Berg method 
and the construction scheme for a recombinant plasmid containing said cDNA, respectively, 
55 Fig. 15 shows the construction scheme for the plasmid pCCK1. 

Fig. 16 shows the construction scheme for the plasmid pCCK2. 

Fig. 17 shows the construction scheme for the plasmid pUKn carrying the human pro-UK cDNA. 
Fig. 18 shows the construction scheme for the plasmid pTrS20. 
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Fig. 45 illustrates the changes with time in whole-body fibrinolytic system factor levels during 
continuous infusion of natural pro-UK and of the carbohydrate chain-added UK-S1. 

Fig, 46 illustrates the changes with time in whole-body fibrinolytic system factor levels following rapid 
30 bolus intravenous administration of natural pro-UK and of the carbohydrate chain-added UK-S1. 
Fig. 47 shows the construction scheme for the plasmid pUKS3. 
Fig. 48 shows the construction scheme for the plasmid pSEUKS3. 

Fig. 49 graphically illustrates the time courses of thermal deactivation at 70° C of natural pro-UK and 
the carbohydrate chain-added modification UK-S3. 
35 Fig. 50 shows the construction scheme for the plasmid pTkSJI. 

Fig. 51 shows the construction scheme for the plasmid pTkSR18. 

Fig. 52 shows the construction scheme for the plasmid pTkS0217. 

Fig. 53 shows the construction scheme for the plasmid pTkSL11. 

Fig. 54 shows the construction scheme for the plasmid pTkSS4. 
40 Fig. 55 shows the construction scheme for the plasmid pTG3. 

Rg. 56 shows the construction scheme for the plasmid phPA2. 



DETAILED DESCRIPTION OF THE INVENTION 



It is an object of the invention to provide a polypeptide or glycosylated polypeptide with at least one 
new carbohydrate chain and thereby additionally endow the polypeptide or glycosylated polypeptide with at 
least one of the above-mentioned functions of carbohydrate chains. Thus, for instance, it is an object of the 
-50— invention-to- stabilize polypeptides -or-glycosyiated poiypeptides by adding -one or more new carbohydrate 
chains thereto and thereby retard blood clearance and/or direct said polypeptides or glycosylated polypep- 
tides to specific sites in vivo . In cases where protease cleavage of polypeptides exerts a great influence on 
their physiological activity, the invention makes it possible to increase their protease resistance through 
carbohydrate chain addition and thus control their physiological activity. 
55 The formation of an amino acid sequence allowing the addition of a new carbohydrate chain in 
polypeptides can be realized by means such as amino acid substitution in, amino acid deletion from, or 
amino acid insertion into the polypeptides. 

Since asparagine (Asn) is known to be an amino acid for linking an N-glycosylated carbohydrate chain 
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any amino acid other than Pro). Such DNA coding for a mutant polypept.de can be constructed m the 
manner of site-directed mutagenesis or by using a synthetic DNA .taker Therefore, it 



30 



35 



BNSDOC1D: <EP 0370205A2_L> 



70 



35 



40 



45 



50 



BP 0 370 205 A2 



structure, there may be mentioned the following, among others : 1) Change of the protein-producing host; 2) 
Cultivation of microorganism or animal cells harbor ing the above-mentioned recombinant plasmid in a 
medium containing an agent (inhibitor) that inhibits an enzyme involved in biosynthesis or processing of 
carbohydrate chains, such as 1-deoxynojirimycin, 1-deoxymannonojirimycin or swainsonine; and 3) Treat- 
ment of glycosylated proteins with various glycosidases, such as sialidase, jS-galactosidase, 0-N-acetyl- 
glucosaminidase, 0-mannosidase and endoglycosidase, or glycosyltransferases, such as siaiyltransferase. 

A more detailed description will be given below in those cases where the polypeptide or glycosylated 
polypeptide according to the invention is hG-CSF, UK or t-PA. 



(1) The case where the polypeptide or glycosylated polypeptide according to the invention is hG-CSF: 



Analysis of hG-CSF and the hG-CSF derivative hG-CSF[ND 28] (cf. Reference Example 16) each 
produced in and purified from Escherichia coli using recombinant DNA techniques has revealed that a site 

is behind the 144th (from the N terminus) amino acid phenylalanine (Phe) residue of the mature hG-CSF 
polypeptide is susceptible to proteolysis by chymotrypsin. As for hG-CSF[ND28], it has also been revealed 
that four to seven N-terminal amino acid residues are susceptible to cleavage with various protease species 
(subtilisin, chymotrypsin, trypsin, etc.)- It is known that hG-CSF[ND28] is more active than mature hG-CSF 
produced in and purified from Escherichia coli. On the basis of the above findings, it is estimated that, in 

20 hG-CSF[ND28], a portion close to the N terminus and a portion in the vicinity of the 144th (from tine N 
terminus) amino acid are found on the polypeptide surface. Therefore, an attempt was made to add a 
carbohydrate chain to hG-CSF[ND28] on the 6th or 145th (from the N terminus) amino acid residue thereof.. 
An hG-CSF[IMD28] derivative which has a carbohydrate chain addition site on the 6th (from the N terminus) 
amino acid residue is hG-CSF[ND28N6] and a derivative which has a carbohydrate chain addition site on 

25 the 145th (from the N terminus) amino acid residue is hG-CSF[ND28N145]. In these cases, it is expected 
that the carbohydrate chain addition can result in development of protease resistance. Retardation of blood 
clearance can also be expected as a result of stabilization of the polypeptide. 

The amino acid sequences of hG-CSF, hG-CSF[ND28], hG-CSF(ND28N6] and hG-CSFtND28N145] 
used in illustrating the present invention are shown in Table 1, Table 2, Table 3 and Table 4, respectively. 
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Table 1 



10 20 30 40 50 60 

ACCCCCCTGG6CCCTGCCAGCTCCCTGCCCCAGAGCTT.CCTGCTCAAGTGCTTAGAGCAA 
ThrProLeuGlyProAl aSerSerLeuProGI nSerPbeLeuLeulysCysLeuGl uGl n 

70 80 90 100 110 120 

GTGAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAGGAGAAGCTGTGT6CCACCTACAAG 
ValArgLysIleGlnGlyAspGlyAl aAl aLeuGl nGl uLysLeuCysAl aThrTyrLys 

130 140 150 160 170 180 

CTGTGCCACCCCGAGGAGCTGGTGCTGCTCGGACACTCTCTGGGCA7CCCCTGGGCTCCC 
LeuCysHi* sProGI uGl uLeuValLeuLeuGlyHisSerLeuGlylleProTrpAlaPro 

190 200 210 220 230 240 

CTGAGCAGC7GCCCCAGCCAGGCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATAGC 
LeuSerSerCysProSerGlnAlaleuGlnLeuAl aG TyCysLeuSerGl nLeuHi sSer 

250 260 270 280 290 300 

' GGCCTTTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGATCTCCCCCGAGTTGGGT 
GlyleuPheLeuTyrGl nGlyLeuLeyGlnAl aLeuGl uGly IT eSerProGluLeuGl y 

310 320 330 340 350 .. 360 

CCCACCTTGGACACACTGCAGCTGGACGTCGCCGACTTTGCCACCACCATCTGGCAGCAG 
ProThrLeuAspThrLeuGT-nLeuAspValAl aAspPheAl aThrThrl 1 eTrpGlnGln 

370 380 390 400 410 420 

ATGGAAGAACTGGGAATGGCCCCTGCCCTGCAGCCCACCCAGGGTGCCATGCCGGCCTTC 
MetGl uGluLeuGlyMetAl aProAl aLeuGl nProThrGl nGl yAlaMetProAl aP he 

430 440 450 460 470 480 

GCCTCTGCTTTCCAGCGCCGGGCAGGAGGGGTCCTAG TTGCCTCCCATCTGCAGAGCTTC 
AT aSerAl aPheGl nArgArgAl aGlyGlyVal LeuValAl aSerHi sLeuGlnSerPhe 

490 500 510 520 

CTGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCTGA 
LeuGl uValSerTyrArgVal LeuArgHi sLeuAl aGl nPro*** 
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Table 2 



10 20 30 40 50 60 

GCACCAACATATCGCGCCTCGAGTCTACCACAGAGCTTCCTTTT.AAAAAGCTTAGAGCAA 
Al a Pro ThrTyrArg Al aSerSerLeuProGlnSerPheLeuLeuLysSerLeu61 u61 n 

10 70 80 90 1 00 110 120 

GTGAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAGGAGAAGCTGTGTGCCACCTACAAG 
Val ArgLys IleGlnGlyAspGlyAl aAl aLeuGl nGl uLysLeuCysAlaThrTyrLys 

130 140 150 160 170 180 

,s CTGTGCCACCCCGAGGAGCTGGTGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
LeuCysHi sProGl uGl u Leu Val LeuLeuGlyHi sSerLeuG lyl 1 eProTrpAl aPro 

190 200 210 220 230 240 

CTGAGCAGCTGCCCCAGCCAGGCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATAGC 
20 LeuSerSerCysProSerGl nAl aLeuGlnLeuAl aGlyCysLeuSerGl nLeuHisSer 

250 260 270 280 * 290 300 

GGCCTTTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGATCTCCCGGGA.GTTGGGT 
2g GlyLeuPheLeuTyrGlnGlyLeuLeuGl nAl aLeuGl uGlyl 1 eSerProGl uLeuGly 

-310 320 330 " 340 350 360 

CCCACCT.TGGACACACTGCAGCTGGACGTCGCCGACTTTGCCACCACCATCTGGCAGCAG 
ProThrLeuAspThrLeuGl nLeuAspValAl aAspPheAl aThrThrll e'TrpGl nGln 

370 380 390 , 400 410 420 

ATGGAAGAACTGGGAATGGCCCCTGCCCTGCAGCCCACCCAGGGTGCCATGCCGGCCTTC 
MetGl uGl uLeuGlyMetAl aProAl aLeuGlnProThrGl nGlyAl aMetProAl aPhe 

„ 430 4*40 450 460 470 480 

GCCTCTGCTTTCCAGCGCCGGGCAGGAGGGGTCCTAGTTGCCTCCCATCTGCAGAGCTTC 
Al aSeVAl aPheGl nArgArgAl aGTyGlyValLeuValAlaSarHisLeuGlnSerPhe 

490 500 510 520 

CTGGAGGT6TCGTACCGCGTTCTACGCCACCTTGCCCASCCCTGA 
40 LeuGl uVa 1 SerTyrArg V al LeuArgHisLeuAl aGl nPro*** 
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Table 3 



10 20 30 " 40 50 60 

GCACCTACGTATCGCAACTCGAGTCTACCACA6AGCTTCCTTTTAAAAAGCTTAGAGCAA 
Al aPro ThrTyrArgAsnS erSerLeuProGlnSerPheleuLeuLys Ser LeuG'luG'l n 

70 80 90 TOO 110 120 

GTGAGGAAGATCCAGGGCGATGGCGCA6C6CTCCAG6AGAAGCT6TGTGCCACCTACAAG 
ValArgLys IleGlnGlyAspGlyAI aAlaLeuGlnGlulysteuCysAl aThrTyrLys 

130 140 150 160 170 180 

CTGTGCCACCCCGAGGAGCT6GTGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
LeuCysHisProGluGl uLeuValLeuleuGlyHisSerLeuGlyIleProTrpAl;aPro 

190 200 210 220 230 240 

CTGAGCAGCTGCCCCAGCCAGGCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATAGC 
LeuSerSerCysProSerGlnAl aLeuGlnLeuAl aGlyCysLeuSerGlnLeuHi sSer 

250 260 270 280 290 300 

GGCCTTTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGATCTCCCCCGAGTTGGGT 
GlyleuPheleuTyrGlnGlyLeuleuGlnAI aLeuGluGlylleSerProGluLeuGly 

310 320 ■ 330* 340 ' 350 350 

CCCACCTTGGACACACTGCAGCTGGACGTCGCCGACTTTGCCACCACCATCTGGCAGCAG 
Pr oThrleuAspThrLeuGtnleuftspVal Al aAspPheAlaThrThrlleTrpGlnGl n 

370 380 : 390 400 410 420 

ATGGAAGAACTGGGAAT6GCCCCTGCCCT.GCAGCCCACCCAGGGTGCCATGCCGGCCTTC 
MetGluGluLeuGlyMetAlaProAlaleuGlnProThrGlnGlyAlaMetProAlaPhe 

430 440 4S0 460 470 480 

GCCTCTGCTTTCCAGCGCCGGGCAGGAGGGGTCCTAGTTGCCTCCCATCTGCAGAGCTTC 
Al aSerAlaPheGlnArgArgAl aGlyG1yVa1LeuVa1A1aSerHisLeuG1nSerPhe 

490 500 510 520 

CTGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCTGA i 
LeuGluValSerTyrArgValleuArgHisLeuAlaGlnPro*** 
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Table 4 



5 

10 20 - 30 -40- 50 " v 60 

6CACCAACATATCGCGCCTCGAGTCTACCACAGASCTTCCTTTTAAAAAGCTTAGA6CAA 
A1 aP ro ThrTyrArg AI aSerSerLeuProGI nSerPheLeuLeuLys Ser LeuGI uGln 

10 70 80 90 100 110 120 

■GTGAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAGGAGAAGCTGTGTGCCACCTACAAG 
ValArgLysI 1 eGlnGlyAspGlyAl aAl aLeuGlnGlulysleuCysAl aThrTyrLys 

130 140 150 160 170 180 

15 CTGT GCCACCCCGAGGAGCTGGTGCT6CTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
LeuCysHi sProGl uGl uleuVal LeuLeuGlyKf sSerLeuG ly I 1 eProTrpAl aPro 

190 200 210 220 230 240 

CTGAGCAGCTGCCCCAGCCAGGCCCTGCAGCTGGCAGGCT6CTTGAGCCAACTCCATAGC 
20 LeuSerSerCysProSerGlnAlaLeuGlnLeuAl aGlyCysleuSerGl oLeuHi sSer 

250 260 270 280 290 300 

GGCCTTTTCCTCTACCAGGGGCTC'CTGCAGGCCCTGGAAGGGATCT-CCCCCGAGTTGGGT 
GlyLeuPheLeuTyrGlnGlyLeuleuGlnAI aLeuGl uGlylleSerProGluLeuGly 

25 310 -320 330 340 350 360 

CCCACCTTGGACACACTGCAGCTGGACGTCGC.CGACTTTGCCACCACCATCTGGCAGCAG 
PrpThrLeuAspThrLeuGlnLeuAspValAl aAspPheAl aThrThrl 1 eTrpGlnGl n 

30 370 380 390 400 410 * 420 

ATGGAAGAACTGGGAATGGCCCCTGCCCTGCAGCCCACCCAGGGTGCCATGCCGGCCTTC 
MetGluGl uLeuGlyMetAlaProAl aLeuGlnProThrGlnGlyAl aMetProAl aPhe 

430 440 450 -460 470 48-0 

GCCTCTGCTTTCAATCGATCGGCAGGAGGGGTCCTAGTTGCCTCCCATCTGCAGAGCTTC 
36 Al aSerAl aPh eAs nArgSerA 1 aG 1 yGI yV a 1 L euVa 1 A 1 aS erH i sL euG 1 nSerPhe 

490 500 510 520 

CTGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCTGA 
LeuGluValSerTyrArgValLeuArgHi sLeuAl aGI nPro*** 

40 

The hG-CSF, hG-CSF[ND28] f hG-CSF[ND28N6] and hG-CSF[ND28N145] can be produced by con- 
structing DNAs respectively coding for hG-CSF, hG-CSF[ND28], hG-CSFIND28N6] and hG-CSF[ND28N145] 
by recombinant DNA techniques, inserting them into an appropriate expression vector, introducing the 

45 resulting recombinants into animal cells and causing expression thereof in said animal cells. In the case of 
hG-CSF[ND28N6] or hG-CSF[ND28N145] among the polypeptides thus obtained, a new carbohydrate chain 
(N-glycosylated carbohydrate chain) is added to about one third of the whole hG-CSF produced. Compari- 
son in protease susceptibility between the newly or additionally glycosylated species and new 
glycosylation-free species of hG-CSF[ND28N6] or hG-CSF[ND28Nl45] has revealed that the newly 

so glycosylated species is more resistant to protease. In the case of hG-CSF[ND28N6] t it has also been found 
that the additionally glycosylated species is more stable against heat as compared with the species 
deprived of the new carbohydrate chain enzymatically. This finding has proved the efficacy of the invention. 
It has further been revealed that hG-CSF[ND28], when it is an expression product in animal cells, can have 
an additional Oglycosylated carbohydrate chain added thereto. In this case, too, the additionally O-glyco 

ss sylated species is more resistant to protease. 



(2) The case where the polypeptide or glycosylated polypeptide according to the invention is UK or t-PA: 
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Urokinase (UK) and streptokinase (SK) are currently in use as thrombolytic agents. These thrombolytic 
agents, however, have no affinity for fibrin, which is a thrombus component. Therefore, they must be 
administered in large quantities for effecting thrombolysis. Furthermore, they activate not only plasminogen 
adsorbed on thrombin but also plasminogen in blood, causing systemic hyperfibrinolysis and leading to a 
s bleeding tendency. In contrast to these thrombolytic agents, tissue plasminogen activator (t-PA) and pro* 
urokinase (pro-UK) (inactive precursor to UK), which have affinity for fibrin, have lately attracted much 
attention. 

t-PA, which has affinity for fibrin, is expected to be adsorbed specifically on thrombin and thereby 
dissolve thrombin efficiently, without causing systemic hyperfibrinolysis. There are two forms of t-PA, 

io single-chain form and double-chain form. Plasmin converts the single-chain form to the double-chain form. 
While the double-chain form of t-PA is the active form, single-chain t-PA, too, can exhibit a fibrinolytic 
activity equivalent to that of double-chain t-PA when fibrin decomposition products are present. As far as 
the affinity for fibrin is concerned, it has been revealed that single-chain t-PA has greater affinity for fibrin 
[Tate et al.: Biochemistry, 26, 338 (1987)]. Therefore, it may be said that single-chain t-PA is higher in 

75 specificity to thrombin and is superior in this sense to double-chain t-PA. 

In the case of UK, too, there are the single-chain form and the double-chain form. Plasmin converts 
inactive single-chain UK to active double-chain UK. This inactive single-chain UK is also called pro-UK. 
Where a protease named thrombin is present, this inactive single-chain UK, namely pro-UK, is converted to 
an inactive double-chain form of UK [Ichinose et al.: J. Biol, Chem., 261, 3486 (1986); Gurewich and 

20 Panneii: Blood, 69, 769 (1987)]. This thrombin susceptibility is a disadvantageous feature of pro-UK. 

As mentioned above, the thrombolytic agents t-PA and pro-UK are readily converted to disadvanta- 
geous forms under the action of proteases, such as plasmin or thrombin. Reduction of their protease 
susceptibility by causing carbohydrate chain addition in the vicinity of their protease cleavage utilizing the 
method mentioned hereinabove, if attained, would expectedly give better thrombolytic enzymes. From such 

25 viewpoint, a DNA coding for pro-UK derivatives, UK-S1, having an Asn residue in lieu of the 164th amino 
acid Phe residue of mature pro-UK and having an N-glycosylated carbohydrate chain introduced thereinto 
on said Asn residue, UK-S3, having an Asn residue in lieu of the 153rd amino acid Leu residue of mature 
pro-UK and a Thr residue in lieu of the 155th amino acid Pro of mature pro-UK and having an N- 
glycosylated carbohydrate chain introduced thereinto on said Asn residue, were constructed. 

30 The amino acid sequences of natural pro-UK, UK-S1 and UK-S3 used for illustrating the invention are 
shown in Table 5, Table 6 and Table 7, respectively. 
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Table 5 



10 20 30 40 50 60 70 

ATGAGAGCCCTGCTG6CGCGCCTGC1TCTCTGCGTCCT6C7CGTGAGC6ACTCCAAAGGCAGCAATGAACTTCAT 
MetArgAl aLeuleuA! aArgleuLeuL«uCys VtlleuVal Val SerAspSerlysGlySerAsnGluteuHi s 

SS 95 105 115 125 135 145 

CAAGTTCCATCGAACTGTGACTGTCTAAATGGAGGAACATGTGTGTCCAACAAGTACrTCTCCAACATTCACTGG 
G 1 oV* IProS <r AsnCysAspCysL cu.AsnG,! yG 1 yThrCys V« 1 Ser AsnLyp TyrPheSer Asn II eH i sT rp 

160 17* 180 190 200 210 220 

TGCAACTGCCCAAAGAAATTCGGAGGGCAGCACTGTSAAATAGATAAGTCAAAAACCTGCTATGAG GGGAATGGt 
CyiAsnCysProLystysPheGlyGlyGlnHisCysGluIleAjpLysSerLysThrCysTyrGluGlyAsnGly 

235 245 255 265 275 285 295 

CACTTTTACCGAGGAAAGGCCAGCACTGACACC ATCGGCCGGCCCTGCCTfiCCCTCSAACTCTCCCACTfiTCrTT 
HisPheTyrArgGlyLysAliSerThrAspThrMetGlyArgProCysLcuProTrpAsnSerAljThrVjILeu 

310 320 330 340 350 360 370 

CAGCAAACGTACCATGCCCACAGATCTGATGCTCTTCAGCTGGGCCTGGGGAAACATAATTACTGCAGGAACCCA 
GlnGlnThrTyrHlsAlaHlsArgSerAspAldLcuGlnleuGlyteoGlyLysHisAsnTyrCysArgAsnPro 

385 395 405 415 425 435 445 

GACAACCGGAGGCGACCCTGGT6CTATGTGCAGGTGGGCCTAAAGCCSCTTGTCCAAGAGTGCATG6TGCATGAC 
AspA$nArgArgArgProTrpCy$TyrVa1GlnValGlyLeuLy$ProLcuValGlnGluCysMetV*lHf sAsp 

• 460 470 480 490 500 510 520 

TGCGCAGA7GGAAAAAAGCCCTCCTCTCCTCCAGAAGAATTAAAAT7TCAGTGTGGCCAAAAGACTCTGAGGCCC 
CysAlaAspGlyLystysProSerSerProProGl uG 1 uLeuLysPhtGlnCysGlyGl nlysThrLcuArgPro 

535 545 555 565 575 585* 595 

CGCTTTAAGATTATTGGGGGAGAATTCACCACCATCGAGAACCAGCCCTGGTTTGCGGCCATCTACAGGAGGCAC 
ArgPheCysnelleGlyGlyGluPherhrThrneGluAsnGlnProTrpPheAlaAUneTyrArgArgHis 

670 620 630 640 650 660 670 

CGGGGGGGCTCTGTCACCTACGTGTGTGffAGGCAGCCTCATCAGCCCTTGCTGGGTGATCAGCGCCACACACTGC 
ArgGlyGlySerValThrTyrVAKysGlyGlySerLeuIleSerProCysTrpVaUleSerAlaThrHisCys 

685 695 705 715 725 . 735 745 

TTCATTGATTACCCAAAGAA66AGGACTACATCGTCf ACCTG6GTCGCTCAAGGCTTAACTCCAACACGCAAGGG 
PhelleAspTyrProlyslysGluAspTyri leValTyrLeuGlyArgSerArgleuAsnSerAsnThrGl nGly 

760 770 780 790 800 810 820 

GAGATGAAGTTTGAGGTGGAAAACCTCATCCTACACAAG6ACTACAGCGCTGACACGCTTGCTCACCACAATGAC 
GluMettysPheGluVilGluAsnLeuI 1<LeuH1 slysAspTyrSerA! aAspThrteuAlaHl sHf sAsnAsp 

835 ' 845 855 865 875 885 895 

ATTGCCTTGCTGAAGATCCGTTCCAAGGA6GGCAGGTGTGC6CAGCCATCCC6GACTATACAGACCATCTGCCT6 
IleAlaLeuteulys II eAr gSerLysGl uGlyArgCysAl aGl nProSerArgThrt 1 eGlnThrll eCysleu 

910 920 930 940 950 960 970 

CCCTCJ5ATGTATAACGATCCCCAGTTT5GCACAAGCTGTGAGATCACTGGCTTTGGAAAAGAGAATTCTACCGAC 
ProSerrtetTyrAsnAspProGlnPheG1yTbr5erCysG1uneThrGl/PheGlyLy$G1oAsn5«rThrAsp 

985 995 1005 1015 1025 1035 1045 

TATCTCTATCCGGAGCAGCTGAAAATGACTGTTGTGAAGCTGATTTCCCACCGGGAGTGTCAGCAGCCCCACTAC 
TyrLeuTyrProGluGlnLeuLysHetThpValVaUysLeuIleSerHlsArgGluCysGlnGlnPpoHtsJyr 

1060 1070 1080 1090 1100 1110 1120 

TACGGCTCTGAAGTCACCACCAAAATGCTGTGTGCTGCTGACCCACA6T6GAAAACAGATTCCTGCCAGGGAGAC 
TyrGlySerG1uValThrThrLysH«tLeuCyjAUAUA$pProG1tiTrpLysThrAip5erCysG>n61yAsp 

1135 1145 1155 1165' 1175 1185 1195 

TCAGGGGGACCCCTCGTCTGTTCCCTCCAAGGCCGCATGACTTTGACTGGAATTGTGAGCTGGGGCCGTGGATGT 
SerG1yG1yProLcuValCysSerLeuG1nG1yArgM«tThrLeuThrGlyn«VaUftrTrp61yArgG1yCys 

1210 1220 . 1230 1240 1250 1260 1270 

GCCCTGAA66ACAAGCCAGGCGTCTACACGA6A6TCTCACACTTCTTACCCTGGATCCGCAGTCACACCAAGGAA 
AULeuLysAspLysPreGlyVaUyrThrArgVilSerHlsPheteuproTrpIleArgSerHlsThrLysGlu 

1285 1295 
GAGAATGGCCTGGCCCTC7GA 
GluAsnGlyUuAUUu*** 
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Table 6 



10 ZO 30 40 50 60 70 

AGCAATGAACTTCATCAAGTTCCATCG.AACTGTGACTGTCTAAATGGAGGAACATGTGTGTCCAACAAGTACTTC 
SerAsnGluLeuHlsGlnValProSerAsnCysAspCysLeoAsnGlyGlyThrCysValSerAsnUysTyrPhe 

85 95 105 115 125 135 , 145 

TCCAACATTCACTGGTGCAACTGCCCAAAGAAATTCGGAGGGCAGCACTGTGAAATAGATAAGTCAAAAACCTGC 
SerAsnncHisTrpCysAsnCysProLysLysPheGlyGlyGlnHUCysGluneAspLysSerLysThrCys 

160 170 180 190 200 210 220 

TATGAGGSGAATGGTCACTTTTACCGAGGAAAGGCCAGCACTGACACCAT6GGCCGGCCCTGCCTGCCCTGGAAC 
TyrGlyGlyAsnGlyHlsPheTyrArgGlytysAl^SerThrAspThrHetGlyArgProCysCeuProTrpAsn 

235 24S 255 265 275 285 295 

TCTGCCACTGTCCTTCAGCAAACGTACCATGCCCACA6ATCTGATGCTCTTCAGCTGG6CCTGGGGAAACATAAT 
SerAlaThrValleuGlnGlnThrTyrHI $A}«H1sArgSerAspAl aleuGlnleuG 1 yleuG 1 ylysWI sAsn 

310 320 330 340 350 360 370 

TACTGCAGGAACCCAGACAACCGGAGGCGACCCTGGTGCTATGTGCAGGTGGGCCTAAAGCCGCTTGTCCAAGAG 
TyrCysArgAsnProAspAsnApgArgArgProTrpCysTyrValGlnValGlyLeutysProLeoValGl ftGlu 

38S 395 405 415 * 425 435 445 

TGCATGGT6CATGACTGCGCAGATGGAAAAAAGCCCTCCTCTCCTCCAGAAGAATTAAAATTTCA6TGTGGCCAA 
CysHetValHUAspCysAUAjpGlyLysLysProSerSerProProGloGloLeuLysPheGlnCysGlyGIn 

• 460 470 480 490 500 510 520 

AAGACTCTGAGGCCCCGCTTTAAGATTATTGGG6GAGAAAACACCACCATC6AGAACCAGCCCTGGTTTGCG6CC 
lysThrLeuArgProArgPheLysncneGlyGlyGluAsnThrThrncGluAsnGlnProTrpPhcAlaAla 

535 545 555 565 575 585 595 

ATCTACAGGAGGCACCGGGGGGGCTCTGTCACCTACGTGTGTGGAGGCAGCCTCATCAGCCCTTGCTGGGTGATC 
IleTyrArgArgHI sArgGlyGl ySerValThrTyrVaKy sG 1yG lySerLeuIl eSerProCysTrpVa II le 

610 620 630 640 650 660 . 670 

AGCGCCACACACTGCTTCATTGATTACCCAAAGAAGGAGGACTACATCGTCTACCTGGGTCGCTCAAGGCTTAAC 
SerAl aThrHlsCysPhelleAspTyrProLysLysGluAspTyrneVtlTyrLeuGlyArgSerArgLeuAsn 

685 69S 705 - 715 725 735 745 

TCCAACAC6CAAGGGGAGATGAAGTTTGAGGTGGAAAACCTCATCCTACACAAGGACTACAGCGCTGACACGCTT 
SerAsnThrGlnG1yG1uMetLysPheG1uValGluAsnL«uneLeuH( sLysAspTyrScrAl aAspThrLeu 

760 '770 780 790 800 810 820 

GCTCACCACAATGACATTGCCTT6CTGAAGATCC6TTCCAAG6AGGGCAGGT6TGCGCAGCCATCCCGGACTATA 
AlaHlsHlsAsnAspIleAUtcwleuLysneArgSerLysGlyGlyArgCysAlaGlnPpoSerArgThrne 

835 845 855 865 875 885 895 

CA(5ACCATCTGCCTGCCCTCGATGTATAACGATCCCCAGTTTGGCACAAGCTGTGAGATCACTG6CTTTGGAAAA 
G1nThrI1eCysLeuProSerMatTyrAsnAspProG1nPheGlyThrSerCyiG1un«ThrGlyPheG1yLy$ 

-.910 920 930 940 950 960 970 

GAGAATTCTACCGACTATCTCTATCC6GAGCAGCTGAAAATGACTGTTGTGAAGCTGATTTCCCACC6GGAGTGT 
G1uA$nSerThrAspTyrLeuTyrProGluGlnLeuly$MetThrVa1VaUysLeuIleSerHisArgGluCys 

98S 995 1005 * 101S .1025 1035 1045 

CAGCAGCCCCACTACTAC6GCTCTGAAGTCACCACCAAAATGCTGTGTGCTGCTGACCCACAGTGGAAAACAGAT 
GlnGlnProHf jTyrTyrGlySerGluValThrthrlysHetCeoCysAI aAl aAspProGlnTrpCyaThrAsp 

1060 1070 1060 1090 1100 1110 1120 

TCCTGCCA66GAGACTCAG6GGGACCCCTCGTCTGTTCCCTCCAAGGCCGCATGACTTTGACTGGAATTGTGAGC 
SerCysGlnGVyAspSepGlyGlyProCeuValCysSerLauGlnGlyArgMetThrLeuThrGlylleValSer 

* 1 13S 1V45 1 155 1165 1175 1185 1195 

TGGGGCCGTGGATGTGCCCTGAAG6ACAAGCCAGGCGTCTACACGA6AGTCTCACACTTCTTACCCTGGATCCGC 
TrpGlyArgGlyCysAlaleuLysAspLysProGlyValTyrThrArgValSerHlsPheUeuProTrptl eArg 

1210 1220 1230 

AGTCACACCAAGGAAGAGAATGGCCTGGCCCTCTGA 
Sertil sThrlysGI uGluAsnGI yLeuAl alev*** 
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In accordance with the invention, DNAs respectively coding for pro-UK, UK-S1 and UK-S3 are 
constructed using recombinant DNA techniques and inserted into an expression vector, each resulting 
recombinant expression vector is introduced into animal cells, and expression is caused. Comparison of 
pro-UK and UK-S1 and UK-S3 thus obtained has revealed that UK-S1 and UK-S3 are lower in thrombin 
susceptibility than the natural form pro-UK and that their stability in serum and heat stability are improved, 
proving the efficacy of the invention also in the case of UK. 

When the polypeptide or glycosylated polypeptide according to the invention is hG-CSF, UK or t-PA, a 
cDNA obtained by causing reverse transcription of a messenger RNA coding for hG-CSF, UK or t-PA by 
using appropriate recombinant DNA techniques, a DNA coding for hG-CSF, UK, or t-PA as obtained from a 
chromosomal DNA, a synthetic DNA coding for hG-CSF, UK or t-PA, or the like may be used as the DNA 
coding for hG-CSF, UK or t-PA. 

The hG-CSF cDNA may be any DNA provided that it codes for hG-CSF. As a specific example, there 
may be mentioned pCSF2, which has been produced by the present inventors as described in Reference 
Example 4. 

The hG-CSF cDNA in pCSF2 has been identified by the dideoxy sequencing method using M13 phage 
[J. Messing et al.: Gene, 19, 269 (1982)]. The hG-CSF cDNA in pCSF2 contains the whole mature protein 
portion although a part of the signal sequence is missing therein. The base sequence of this mature protein 
portion is shown in Table 1 . 

The human t-PA cDNA or human UK cDNA to be used may be any DNA provided that it codes for 
human t-PA or human UK. As typical examples, there may be mentioned the human t-PA cDNA in the 
plasmid ptPA7 and the human UK cDNA in the piasmid pUK1 or pUK11. ptPA7, pUK1 and pUK11 are the 
plasmids produced by the present inventors as described in Reference Examples 1, 2 and 3, respectively. 
The human UK cDNA in pUK 1 and that in pUK1 1 have been sequenced by the dideoxy method using M13 
phage. 

Neither of the human UK cDNAs in pUK1 and pUK11 codes for the complete pro-UK but the base 
sequence of each cDNA is in agreement of a part of the base sequence shown in Table 5. 

An Escherichia coli strain harboring ptPA7 has been deposited, since September 3, 1987, with the 
Fermentation Research Institute (FRI), Agency of Industrial Science and Technology, under the designation 
Escherichia coli EtPA7 (deposit number FERM BP-1467). an Escherichia coli strain harboring pUK1 under 
the designation Escherichia coli EUK1 (FERM BP-1463), and an Escherichia coli strain harboring pUK11 
under the designation Escherichia coli EUK11 (FERM BP-1464) in accordance with the Budapest Treaty. 

The plasmid to be used for insertion thereinto of a DNA coding for hG-CSF, UK or t-PA may be any 
plasmid provided that said DNA can be expressed in Escherichia coli or animal cells. Preferred for the 
expression of hG-CSF, UK or t-PA in Escherichia coli are plasmids which allow insertion of a foreign DNA 
thereinto at a site downstream from an appropriate promoter, such as a trp or lac promoter, and in which 
the distance between the Shin-Dalgarno sequence (hereinafter abbreviated as SD sequence) and the 
initiation codon (ATG) has been adjusted to an appropriate length, for example 6 to 18 bases. As preferred 
specific examples, there may be mentioned pKYPIO (JP-A-58-1 10600 or U.S. Patent 4,686,191; the term 
"JP-A" as used herein means an "unexamined published Japanese patent application) and pTrS33 
(Reference Example 5), each created by the present inventors. 

The plasmid to to be used for the expression of a DNA coding for hG-CSF, UK or t-PA in animal cells 
may be any plasmid provided that said DNA can be expressed in animal cells, Preferred are those plasmids 
which allow insertion of a foreign DNA thereinto at a site downstream from an appropriate promoter, such as 
the SV40 early promoter or SV40 later promoter, and which have a poly(A) signal, splicing signal and so 
forth. 

As preferred specific examples of the plasmid, there may be mentioned pAGE!03 [Minagami et al.: J. 
Biochem., HH, 1307-1310 (1987)], pSE!PA1-9A and pSE1PA1SE1dhfrl-9A (Reference Example 9), each 
created by the present inventors. 

An Escherichia coli strain harboring pAGE103 has been deposited since March 23, 1987 with the 
Fermentation Research Institute under the designation Escherichia coli EAGE103 (FERM BP-1312) in 
accordance with the Budapest Treaty. As a plasmid containing the dihydrofolate reductase (hereinafter 
abbreviated as dhfr) gene as a selective marker, there may be mentioned pSV2-dhfr [S. Subramani et al.: 
Mol. Cell. Biol., 1,854 (1981)]. 

The recombination between the DNA coding for the novel polypeptide or glycosylated polypeptide of 
hG-CSF, UK or t-PA and the vector DNA can be carried out by ordinary recombinant DNA techniques of 
digesting both DNA with restriction enzymes and conducting ligation using T4 DNA ligase. The ligation may 
also be carried out following filling in of the ends of the DNA fragments obtained by digestion with 
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* .. tbe — rlT^r£Z£X-l a DNA coding .or a novo, 
The following describes several cases " ,4»por»tjd thmHi are constructed using 

polypeptide or glycosylated polypeptide of hS-CSF or UK being incorpo cDNA .containing 

As shown in Fig. 5. pAS3-3 (Reference txampie .u, cleaned with AatTand Mlul and a 

,o fragment about 3.0 kb in size is purified. ExarSpTe 16) is 

DNA fragment about 6.3 kb in size .s punfted. Fu ^ er ^ately, pc wui » i qna 
cleaved with Aatll and Xhol and a DNA fragment ^bo"* toaeH^er usfnq T4 DNA ligase to give pAS28. 
fragments andlTe synthe^NA shown " f'^ coding for a nove. 

Then, another illustration is given o a case in ^>cn yecom oinai i p N .g| ycosyla ted carbohydrate 
hG-CSF poly peptide, which is a ™ d *f ^ is constructed, 

chain addition site on ^j^^^^S^^.^IA fragment about 3.0 kb in size is 

As shown m ^^^-l^S^^^ Mufand a DNA fragment about 6.55 kb jn s,ze is 

£E " tt^Jk*™-** ^ in 6 - ,i9ated t09ether - 

^construction of P ASN145 is carried out us^g JR^^^J^. 
p C fBD28 is cleaved with Pvul. anc , BamH. J-^JJ^ STbSX.^ a DNA fragment about 7.24 
the M13 phage vector M13mp19 RF D ^' s ^7™ n |^ e liga tidTogether in the presence of T4 DNA 
kb in size is purified. The thus-obtained two DNA Snsfect Escherichia coli JM105. Single- 
ligase to give pt19BD28C. Then. ? htlLri^wl As also shownln~Fig."7-(1), the Ml3mp19 

sLded pt19BD28C ^^^^.15^^ a^f^n size'is pUfied. This DNA 
RF DNA is cleaved with Hmdlll and ecohi ana a u. « obtain ed above are mixed together and 
fragment (about 7.2 kb) and the s "9'- st ^ 

subjected to denaturing treatment, followed by ^^^JJ* R M 7 . (1)< the anne aling 

After annexing of this gapped ^P'ex DNA w, h the sy^ 

product is circularized using the K.enow mutagenesis introduced therein, 

transfect Escherichia Bgl. and bLh. and a DNA fragment 

Then, as shown in F.g. 7-(2 ) P«9BD28 cm* wittTBamHI a"nTBgll and a DNA fragment 

s ss 2 : £ ^^^l^ * - 

<° ° fT4 Thra^o^n^ 

about 1.3 kb in size is purified. The thus-obtamed DN ^^ a ^ ^rther c^^^ AatJI. 

with DNA polymerase Klenow fragment for filhng in 'J^^^^Ud with Aatll an Xhol ind a 
and a DNA fragment about 0.2 kb in size . ^J*?*£Z% p S ElPAlS E 1dhfr1-9A Preference 
< 5 -DNA fragment about 0:8 kb in size . punW -^^22'^ h si2e is purifi ed. The thus- 
S le SE^^&S about 8.7 kb in size) are .igated to 9 ether in 

the presence of T4 DNA ligase to give pASN145. oS E1UKS1-ld, is constructed for the 

890 bp in size is purified. Separately, the I ^mplS RF DNA Yan sch Ker o ^ ^ 

the UK cDNA subcloned in the M13mpl8 vector. er and tnen> as shown in Fig. 

„. ^T^X^TZ^^Z^I^ can —ad onto tbe 
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164th (in UK) amino acid residue. Thus, using the synthetic DNA 5 -GGGGAGAAAACACCACC-3' for 
substituting Asn for Phe-164 and the synthetic DNA 5-GI T I ICCCAGTCACGAC-3' for determining the 
DNA base sequence of Ml3mp18 as primers, the single-strand pUKmpSI DNA is converted to the double- 
stranded DNA in the presence of Escherichia coli DNA polymerase I Klenow fragment and at the same time 

5 mutation is introduced into the desired site. The thus-obtained mutant double-stranded DNA is cleaved with 
Pstl and Eco RI and a DNA fragment about 600 bp in size is purified. Separately, UK cDNA-containing 
pUK11 (Reference Example 3) is cleaved with Aatll and Pstl and a DNA fragment about 1.0 kb in size is 
purified. Further, separately, pUKB101 (Reference Example 12) with a Kpnl site introduced therein on the 3 
terminal side of the UK cDNA is cleaved with Aatll and EcoRI and a DNA fragment about 2.9 kb in size is 

10 purified. The thus-obtained three DNA fragments are ligated together in the presence of T4 DNA ligase to 
give recombinant plasmid, pUKS1 , coding for the UK derivative UK-S1 . 

Subsequently, as shown in Fig. 11 , the expression vector for a foreign gene containing the dhfr gene for 
gene amplification pSE1PAlSE1dhfr1-9A (Reference Example 9) is cleaved with Kpn l and Xho l and a DNA 
fragment about 8.6 kb in size is purified- Separately, the recombinant plasmid for UK expression 

is pSE1UKproi-1A (Reference Example 13) is cleaved with Xho l and Bglll and a DNA fragment about 0.75 kb 
is size is purified. Further, separately, pUKS1 coding for UK-S1 is~cleaved with Kpnl and Bglll and a DNA 
fragment about 1.15 kb in size is purified. The thus-obtained three DNA fragments are ligated together 
using T4 DNA ligase to give a recombinant plasmid, PSE1UKS1-Id, allowing UK-S1 expression. 

Recombinant plasmid pSEUKS3 coding for UK-S3 can be produced by similar method for obtaining 

20 pSElUKSl-1d. 

The reaction conditions for use in the above-mentioned recombination techniques are generally as 
follows. 

The DNA digestion reaction with an restriction enzyme or enzymes is generally carried out in a reaction 
mixture containing 0.1 to 20 ug of DNA, 2 to 200 mM (preferably 10 to 40 mM) Tris-HCI (pH 6.0 to 9.5, 

25 preferably pH 7.0 to 8.0), 0 to 200 mM NaCI and 2 to 20 mM (preferably 5 to 10mM) MgCfe in the presence 
of 0.1 to 100 units (preferably 1 to 3 units per microgram of DNA) of each restriction enzyme at 20* to 
70 *C (the optimal temperature varying depending on the kind of restriction enzyme) for 15 minutes to 24 
hours. The reaction is terminated generally by heating at 55 to 75* C for 5 to 30 minutes. It is also possible 
to inactivate the restriction enzymes used by means of phenol, diethyl pyrocarbonate or the like reagent. 

30 The DNA fragments resulting from restriction enzyme digestion or the gapped duplex DNA can be 
purified by low melting point agarose gel electrophoresis (hereinafter referred to as "LGT method" for short) 
[L Wieslander: Analytical Biochemistry, 98, 305 1979)] or by the agarose gel freezing-thawing method 
(hereinafter abbreviated as "AFT method"). The AFT method comprises adding an equal volume of TE 
buffer [10 mM Tris-HCI (pH 7.5), 1 mM EDTA] and 2 volumes of phenol (saturated with TE buffer) to a slice 

35 - of DNA fragment-containing agarose gel (0.7 to 1.5%), achieving admixture, repeating a freezing (-70 * Cy 
thawing (65 *C) cycle two times, centrifuging, separating the resulting upper aqueous solution layer and 
recovering the DNA fragment by precipitation with ethanol. The DNA fragments can also be eluted and 
purified from agarose gel or polyacrylamide gel by using an Atto model Maxfield AE-3241 DNA fragment 
recoverer. The latter method is hereinafter referred to as "electroelu tion method". 

40 The ligation of DNA fragments is conducted in a reaction medium containing 2 to 200 mM (preferably 
10 to 40 mM) Tris-HCI (pH 6.1 to 9.5, preferably pH 7.0 to 8.0), 2 to 20 mM (preferably 5 to 10 mM) MgCI 2( 
0.1 to 10 mM (preferably 0.5 to 2.0 mM) ATP and 1 to 50 mM (preferably 5 to 10 mM) dithiothreitol 
(hereinafter sometimes referred to as "DTT") in the presence of 1 to 1 ,000 units of T4 DNA ligase at 1 to 
37* C (preferably 3 to 20° C) for 15 minutes to 72 hours (preferably 2 to 20 hours). 

45 The recombinant plasmid DNA resulting from the ligation reaction is introduced into Escherichia coli 
using the transformation method of Cohen et al. [S. N. Cohen et al.: Proc. Natl. Acad. Sci. USA, 69, 2110 
1972)] or the transformation method of Hanahan [J. Mol. Biol., 166, 557 (1983)], as necessary. 

The recombinant M13 phage RF DNA resulting from the ligation reaction is introudced into Escherichia 
coli JM105 [J. Messing et al.: Gene, 33, 103 (1985)] using the known transfection method [Y. Kuchino et al.: 

50 Tanpakushitsu, Kakusan, Koso, 29, 294 (1984)] as necessary, 

DNA isolation from Escherichia coli harboring any recombinant plasmid DNA or recombinant M13 
phage RF DNA is performed by the method of Birnboim et al. [H. C. Birnboim et al.; Nucleic Acids Res., 7, 
1513 (1979)], for instance. 

Single-strand DNA isolation from the recombinant M13 phage is performed by the known method [Y. 
55 Kuchino et al.: Tanpakushitsu, Kakusan, Koso, 29. 294 (1984)]. 

The deoxyoligonucleotides to be used in the practice of the invention can be synthesized by solid* 
phase synthesis by the phosphoric amidite method [S. L Beaucage et al.: Tetrahedron Lett., 22, 1859 
(1981); L J. BcBrie et al.: ibid., 24, 245 (1983)] using an Applied Biosystems model 380A DNA synthesizer 
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rihj CA 94404* For ligating any of the deoxyoligonucleotides thus 

"TSs^r^^ 

, ™'el hG-CSF polypi of the present invention is produced using Escherichia coB as the lot 

, pcSaN?46-bea*9 Escherichia coll strain Is cultivated in a medium, whereby the novel hS-CSF 
^r^rri™ h. e«he, a synthe* one o, a jjjg-jj Ujy-*- tha, I, is 

, ,, te ™L^Cen souSs "re NH.CI, (rWsO.. casamino acids, yeas, extract ™f 
25»TS«t«^«« com steep liquor and the like. Usable as other nutnent sources are feHPO,. 

^S'cS^fca™; 3?S to 8.S. a. a temperas o, ,8 to 40" 0, «th aera««, and ^ 
A » h»« S cultivation, the accumulation ot me novel hG-CSF Polypoptide culUired^ ce»s 

I19B3I1 or bv the method of WinKleretai. [BIOTECHNOLOGY. 3. 990 (1985)1. 
„ ' ^ mento™ made ol method <X producing a novo. hG-CSF polypeptide or a novel glycosylated hG- 

CSF r^»T^™t-?r,. a novo, hG-CSF poiypepMe or a novel glycosylate h£CSF 

CSF polypeptide is produced using pASN6 as the plasmid for the e*pt.ss,on ot the novel hQ-CSF and dhk 

into dhfr-de.den, OHO eelis. to, exampte 
me^od ^Graham^ Van ^%^^^Z^~^^^ 
Sb^lTSnS^ SS "nd dia,^ ^caT, £1 I, is aiso possible ,. select a t^storrnam 
2££ StneTov hG-CSF pc^Jd. gene has been amplified .mm among 
mlotrexate. The transform,* strain thus obtained is grown in a medium, whereby the novel hG-CSF 

polype,*,* « ^nl' medium (Flo. Laboratories). 

t£ { MZm *t^^ bicarbonate (0.01%). and/or the like may be added to me medium each ,n 

" rfftLSE v-ous types o, culture bo», dish rolle, bottle. ^ ■*£ and 
other vessels can be used. The cultivation is generally earned out at a seed cell denstty of 5 x 10 to 
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10 6 cells/ml and at a temperature of 30 to 40 *C. In 2 to 10 days of cultivation, the substance of the 
invention is secreted for the most part extracellularly. 

Cells are removed from the culture by centrifugation and the novel hG-CSF polypeptide or novel 
glycosylated polypeptide is extracted from the supernatant obtained by centrigugation. 
5 While, in the above, methods of producing the novel polypeptide or novel glycosylated polypeptide 
using Escherichia coli or animal cells as the host cells have been mentioned, novel derivatives of UK or any 
other proteins can be produced in the same manner. 

The activity measurement of the hG-CSF derivatives obtaind in the above manner is performed as 
follows. 

w Bone marrow cells are taken aseptically from the femur of male C3H/He mice (8 to 12 weeks of age; 
Shizuoka Laboratory Animal Center) and suspended in a-minimum essential medium (Flow Laboratories; 
hereinafter abbreviated as "a-MEM medium") supplemented with 10% fetal bovine serum (FBS). This cell 
suspension (1.5 ml; about 5 x 10 7 cells) is applied to a nylon wool (Wako Pure Chemical Industries' Nylon 
Fiber 1 46-04231 )-packed column (0.3 g) for immersion and then reaction is carried out in a 5% CO2 

is incubator at 37 *C for 90 minutes. Then a-MEM medium warmed to 37" C is passed through the column 
and bone marrow cells unadsorbable on nylon wool are recovered as an eluate fraction- These ceils are 
washed once with a-MEM medium and adjusted to a predetermined concentration. 

Then, the bone marrow hematopoietic stem cell colony forming potential is measured by the method of 
Okabe et ai. [T. Okabe et al.: Cancer Research, 44, 4503-4506 [1986)]. Thus, 0.2 ml of the bone marrow 

20 cell suspension (2 x 10 6 cells/ml) prepared as described above is added to a mixture of 0.2 ml of a-MEM, 
0.4 mi of FBS and 0.2 ml of each sample after two serial dilutions. Thereto is added an equal volume (1 .0 
mi) of a 0.6% solution of agar (Difco, Agar purified #0560-01) maintained at 42° C and the resulting mixture 
is distributed in 0.5-ml portions into wells of a 24-well multidish (Nunc, #143982) (5 x 10 4 cells/well, n = 3). 
After 7 days of cultivation in a 5% CO2 incubator at 37° C, colonies consisting of 40 or more cells are 

25 counted under a microscope (Olympus, X40) After colony counting, each colony is taken out onto a slide 
glass, fixed with an acetone-formalin mixture for 30 seconds and then subjected to esterase double staining 
by the method of Kubota et al. [K. Kubota et al.: Exp. Hematology, 8, 339-344 (1980)] for identification of 
the colony. ~ 

The potency of each sample is calculated based on the result of counting for the sample after two serial 

30 dilutions as obtained in the colony forming test, as follows. The activity giving a value half the maximum 
colony count value found with intact G-CSf used as a standard is defined as 50 units. The activity 
calculated to this scale is multiplied by 20 considering the dilution factor for each sample and for 
expressing the activity on the per-milliliter basis. The product obtained is reported as the potency (in units). 
The specific activity is expressed in terms of potency per unit weight (mg) of protein, namely in units/mg. 

35 The hG-CSF protein content is determined by enzyme-linked immunosorbent assay (ELISA) using anti- 
hG-CSF monoclonal antibody. In this assay, standard hG-CSF produced in Escherichia coii and purified and 
assayed by the Lowry method is used as a standard substance. The anti-hG-CSF monoclonal antibody is 
prepared by the method of Hanai et al. [Cancer Res., 46, 4438 (1986)]. The t-PA or UK activity can be 
determined by fibrin plate assay [Granelli-Piperno and Reich: J. Exp. Med., 148, 223 (1978)]. 

40 In the following examples, the cases where the polypeptide or glycosylated polypeptide according to 
the invention is an hG-CSF or UK are mentioned. Examples 1 to 5 are illustrative of the case in which the 
polypeptide or glycosylated polypeptide according to the invention is an hG-CSF and Examples 6 to 8 are 
illustrative of the case in which said polypeptide or glycosylated polypeptide is a UK. 

45 

Example 1 



Construction of recombinant plasmid pAS28 for expression of hG-CSF derivative hG-CSF[ND28] (cf. 
50 Reference Example 16) in animal cells (cf. Fig. 5): 

A2ixg portion ot pAS3-3 obtained in Reference Example 10 was dissolved in 20 ui of 10 mM Tris-HCi 
buffer (pH 7.5) containing 7 mM MgCI 2l 6mM 2-mercapto ethanol and 150 mM NaCI (hereinafter such 
buffer will be referred to as "Y-150 buffer" for short), 10 units of the restriction enzyme Mlul (Takara Shuzo; 
he rein aft r, unless otherwise specified, all the restriction enzymes used were obtained from Takara Shuzo) 
55 was added, and digestion was carried out at 37* C for 2 hours. Then, 5 units of Apa LI was added and partial 
digestion was further effected at 37* C for 10 minutes. About 0.5 ug of a DNA fragment about 3.0 kb in size 
was purified and recovered from the digestion reaction mixture by the LGT method. 

Separately, 2 ug of the sam plasmid was dissolved in 20 ul of 10 mM Tris-HCI buffer (pH 7.5) 

20 
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containing 7 rnM MgCt2, 6 mM 2-mercaptoethanoi and 50 mM KG (hereinafter such buffer will be referred 
to as "K-50 buffer" for short), 10 units of the restriction enzyme Aatfl (toyobo) was added, and digestion 
was carried out at 37 *C for 2 hours. Then, NaCI was added to an NaCl concentration of 100 mM, then 10 
units of Mlul was added, and reaction was further carried out at 37* C for 2 hours. About 1 iig of a ON A 
fragmenfabout 6.3 kb in size was purified and recovered by the LGT method. 

Separately, 2 ug of pCfBD28 (cf. Reference Example 16) was dissolved in 20 ul of K-50 buffer, 10 units 
of the restriction enzyme Aatil (Toyobo) was added, and digestion was carried out at 37 *C for 2 hours. 
Then, NaCI was added to aTTNaCl concentration of 50 mM, 10 units of Xhol was added, and digestion was 
carried out at 37° C for 2 hours. About 0.1 ug of a DNA fragment about 0.3 kb in size was purified and 
recovered from the reaction mixture by the LGT method. 

Further, separately, for the purpose of substituting Ala for the N-terminal amino acid Thr of mature hG- 
CSF, Thr for the third amino acid Leu, Tyr for the fourth amino acid Gly and Arg for the fifth amino acid Pro, 
the following DNA linker was synthesized: 
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Signal sequence 



ApiLI 



5' 



T GCA CTC TGG ACA GTG CAG.GAA 6CC 



3' - GAG ACC TGT CAC GTC CTT CGG 



1 2 3 4 5 6 Xhol 
Ala Pro Tbr Tyr Arj AU 



GCA CCA ACA TAT CGC GCC 



-3' (43ocr) 



CGT GGT TGT. ATA GCG CGG AGC T 



- 5' 
<43«er) 



First, the two single-strand 43-mer DNAs were synthesized using an Applied Biosystems model 380A 
30 DNA synthesizer. Then, 20 picomoles each of the synthesized DNAs (two 43-mers) were dissolved in 40 ill 
of 50 mM Tris-HCI buffer (pH 7.5) containing 10 mM MgCl2, 5 mM dithiothreitol. 0.1 mM EDTA and 1 mM 
ATP (hereinafter such buffer will be referred to as "T4 kinase buffer" for short), 30 units of T4 
polynucleotide kinase (Takara Shuzo; hereinafter the same shall apply) was added, and phosphorylation 
was carried out at 37* C for 60 minutes. 
35 A 0.5 ug portion of the pAS3-3-derived Mlul-ApaLI fragment (about 3.0 kb), 1.0 ug of the pAS3-3- 
derived Aatll-Mlui fragment (about 6.3 kb) and 0.1 ug of the pCfBD28-derived Aatll-Xhol fragment (about 
0.3 kb) were "dissolved in 25 ul of 20 mM Tris-HCI buffer (pH 7.6) containing 10 mM MgCi2, 10 mM 
dithiothreitoi and 1 mM ATP (hereinafter such buffer will be referred to as "T4 ligase buffer" for short) and 
about 1 picomole of the above DNA linker was added to the solution. After further addition of 400 units of 
40 T4 DNA ligase (Takara Shuzo; hereinafter the same shall apply) to the solution, ligation was carried out at 
4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli HB101 [Bolivar et al.: 
Gene, 2, 75 (1977)] by the method of Cohen et al. (S. N. Cohen et al.: Proc, Nati. Acad. Sci. USA, 69, 2110 
(1972)f(hereinafter it is this method that was used for transforming Escherichia coli strains) and ampicillin 

45 (Ap)-resistant strains were obtained. A piasmid DNA was isolated from one of these transformant strains by 
the known method [H. C. Birnboim et al.: Nucleic Acids Res., 7, 1513 (1979)] (hereinafter it is this method 
that was used for isolating plasmid DNAs). 

The structure of the plasmid obtained was confirmed by restriction enzyme digestion and by sequen- 
cing by the dideoxy method using M13 phage, this plasmid was named pAS28 (cf. Fig. 5). A microorganism 

50 harboring the plasmid pAS28 has been deposited since September 24, 1988 with the Fermentation 
Research Institute, Agency of Industrial Science and Technology (FRI) under the designation Escherichia 
coli EAS28 (deposit number FERM BP-2069) in accordance with the Budapest Treaty, The polypeptide (hG- 
CSF derivative) encoded by the piasmid is distinguished from mature hG-CSF by the following amino acid 
residue substitutions: 

55 
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Position of amino acid 
substitution (amino acid of 
hG-CSF) 


Piasmid 


pAS28 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Giy) 


Tyr 


Fifth (Pro) 


Arg 


Seventeenth (Cys) 


Ser 



The polypeptide (hG-CSF derivative) encoded by pAS28 is hereinafter referred to as n hG-CSF[ND28] w . 
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Example 2 
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30 



35 



40 



45 



50 



Construction of recombinant piasmid pASNS (cf. Fig. 6) coding for novel hG-CSF polypeptide allowing 
addition of N-glycosyiated carbohydrate chain on 6th (from N terminus) amino acid residue of hG-CSF- 
. [ND28] (cf. Reference Example 16): 

A 2 u,g portion of pAS3-3 obtained in Reference Example 10 was dissolved in 20 u! of Y-150 buffer, 10 
units of the restriction enzyme Mlul was added* and digestion was carried out at 37 *C for 2 hours. Then, 5 
units of ApaLI was added and partial digestion was further conducted at 37° C for 10 minutes. About 0.5 ug 
of a DNA fragment about 3.0 kb in size was purified and recovered from the reaction mixture by the LGT 
method. 

Separately, 2 ug of pAS28 obtained in Example 1 was dissolved in 20 til of Y-150 buffer, 10 units each 
of the restriction enzymes Xhol and Mlul were added, and digestion was carried out at 37* C for 2 hours. A 
DNA fragment (1 ,0 ug) about 6.55 kb in size was purified and recovered from the reaction mixture by the 
LGT method. 

Further, separately, for the purpose of substituting Asn for the 6th (from N terminus) amino acid Ala of 
hG-CSF[ND28] encoded by pAS28 of Example 1 for the formation of a site of addition of an N-glycosylated 
carbohydrate chain, the following DNA linker was synthesized. Since the following DNA linker was so 
designed that an Sna Bl cleavage site could additionally occur therein, incorporation of said linker could be 
confirmed by cleavage with the restriction enzyme SnaBl. 



Signal sequence 
ApaLI — • 



5' 



t: 



GCA CTC TGG ACA GTG CA6 GAA GCC 



3'- GAG ACC TGT CAC GTC CtT CGG 



1 2 3 4 5 6 Xfto.1 
AW Pro Thr Tyr Art Asn 

GCA CCT AC5 TAT CGC AAC 4— 3' (43«er) 



CGT G GA TGC ATA 6CG TTG AGC T 
SnaB l 



-5' 
(43ier) 



The single-strand DNAs (two 43-mers) were synthesized using an Applied Biosystems model 380A 
DNA synthesizer. 

Twenty plcomoles each of the DNAs (two 43-mers) synthesized were dissolved in 40 ul of T4 kinase 
55 buffer, 30 units of T4 polynucleotide kinase was added, and phosphorylation was carried out at 37* C for 60 
minutes. 

A 0.5 ug portion of the pAS3-3-derived MIul-ApaLJ fragment (about 3.0 kb) and 1 ug of the pAS28- 
derived Xhol-Mlul fragment (about 6,55 kb), respectively obtained as described above, were dissolved in a 
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total volume of 30 ul of T4 ligase buffer and about 1 picomole of the above DNA linker was added to the 
solution. After further addition of 400 units of T4 DNA ligase to the solution, ligation was carried out at 4 C 
for 18 hours. 

The recombinant plasmid-containing ligation reaction mixture was used to transform Escherichia coli 
HB101 by the mothod of Cohen et al. (vide supra) and Ap-resistant strains were obtained. A plasmid DNA 
was separated and purified from one of these transformant strains by the known method. The structure of 
said plasmid DNA was confirmed by restriction enzyme digestion and by the dideoxy sequencing method 
using M13 phage. This plasmid was named pASN6. A microorganism harboring the plasmid pASN6 has 
been deposited sinco September 24, 1988 with the Fermentation Research Institute under the designation 
Escherichia coli EASN6 (deposit number FERM BP-2070) in accordance with the Budapest Treaty. The 
polypeptide "(hG-CSF derivative) encoded by the plasmid is distinguished from mature hG-CSF by the 
following amino acid residue substitutions: 



Position of amino acid 
substitution (amino acid of 
hG-CSF) 


Plasmid 


pASN6 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Gly) 


Tyr 


Fifth (Pro) 


Arg 


Sixth (Ala) 


Asn 


Seventeenth (Cys) 


Ser 



The polypeptide (hG-CSF derivative) encoded by pASN6 is hereinafter referred to as "hG-CSF 
[ND28N6]". 

30 

Example 3 

35 Construction of recombinant plasmid pASN145 [cf. Fig. 7(1) and Fig. 7(2)1 coding for novel hG-CSF 
polypeptide allowing addition of N-glycosylated carbohydrate chain on 145th (from N terminus) amino acid 
residue of hG-CSF[ND28] (cf. Reference Example 16): 

40 (a) Construction of single-strand template DNA (single-strand pt19BD28C): 

A 3 ug portion of pCfBD28 (cf. Reference Example 16) was dissolved in 20 ul of 10 mM Tris-HCI buffer 
(pH 7.5) containing 7 mM MgCI 2 and 6 mM 2-mercaptoethanol (such buffer is hereinafter referred to as "Y- 
0 buffer" for short). 10 units of the restriction enzyme Pvull was added, and digestion was carried out at 
45 37* C- for 2 hours. Then. NaCI was added to an NaCI concentration of 100 mM, 10 units of BamHI was 
added, and reaction was carried out at 37 C for 2 hours. 

About 0.5 ug of a DNA fragment (Pvull- Bam HI fragment) about 0.94 kb in size and coding for the C- 
terminal portion of hG-CSF[ND28] was obtained from the reaction mixture by the LGT method. 

Separately, 1 ug of the M13 phage vector M13mp19RF DNA (Takara Shuzo) was dissolved in a total 
so volume of 50 ul of Y-0 buffer, 10 units of the restriction enzyme Smal was added, and digestion was carried 
out at 37 "C for 2 hours. Then, NaCI was added to an NaCI concentration of 100 mM, 10 units of the 
restriction enzyme Bam HI was added, and digestion was carried out at 37* C for 2 hours. About 0.8 ug of a 
DNA fragment (Smal-BamHI fragment) about 7.24 kb in size was obtained from the reaction mixture by th 
LGT method. 

55 A 0.2 ug portion of the Pvull-BamHI fragment (about 0.94 kb) and 0.05 ug of the Smal- Bam HI fragment 
(about 7.24 kb). respectively obtained as described above, were dissolv d in 50 ul^of T4 ligase buffer, 400 
units of T4 DNA ligase was added to the solution, and ligation was carried out at 12 C for 16 hours. 

Then, the above ligation reaction mixture was used to transfect Escerichia coli JM105 by the known 
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method [Messing et al.: Methods in Enzymology, 101, 20 (1983)] and recombinant phages were obtained. A 
recombinant 13 phage RF DNA was recovered from cultured cells of one recombinant phage-infected 
Escherichia coli JM105 strain by the same method as the plasmid DNA recovering method. The structure of 
this RF DNA (named pt19BD28C) was confirmed by cleavage with Bam Hl, Eco RI and Bgll, followed by 
polyacrylamide gel electrophoresis. The single-strand pt19BD28C DNA was recovered from the recom- 
binant phage by the above-mentioned known method and used as a template. 



(b) Construction of gapped duplex DNA: 



A 3-ug portion of the M13mp19 RF DNA (Takara Shuzo) was dissolved in 30 ul of 10 mM Tris-HCI 
buffer (pH 7.5) containing 7 mM MgCb, 6 mM 2-mercaptoethanol and 100 mM NaCI (hereinafter such 
buffer is referred to as "Y-100 buffer" for short), 10 units each of the restriction enzymes EcoRI and Hindlll, 
and digestion was carried out at 37° C for 2 hours. About 2!5 ug of a DNA fragment Eco Rl-Hindlll fragment) 

rs about 7.2 kb in size was obtained from the digestion reaction mixture by the LGT method. 

A 2-ug portion of this mpl9 RF DNA-derived EcoRl-Hindlll fragment (about 7.2 kb) and 1 ug of the 
single-strand template DNA pt19BD28C were dissolved in 27 ul of 50 mM Tris-HCI buffer (pH 7.8) 
containing 7 mM MgCfe and 6 mM 2-mercaptoethanol (hereinafter such buffer is referred to as "Klenow 
buffer" for short) and the solution was boiled at 100* C for 6 minutes for causing DNA denaturation and then 

20 allowed to stand at 65* C for 10 minutes, at 37* C for 40 minutes, at 4* C for 40 minutes and, finally, on ice 
for 10 minutes for causing annealing, whereby a gapped duplex DNA with only the hG-CSF gene portion in 
the template being single-stranded was formed. The gapped duplex DNA formed was recovered by the 
LGT method. 



(c) Mutagenesis (construction of pt19BD28CN145): 



For the purpose of substituting Asn for the 145th (from the N terminus) amino acid Gin and Ser for the 
147th amino acid Arg of hG-CSF[ND28] encoded by pAS28 obtained in Example 1 so that an N- 
30 glycosylated carbohydrate chain addition site could be formed, the following single-strand DNA was 
synthesized. Since the single-strand DNA was designed such that a Pvu l site should newly occur therein, 
mutagenesis could be confirmed by cleavage with the restriction enzyme Pvul. 



35 











Asn 




Ser 


















t 




t 










141 


142 


143 


144 


145 


146 


147 


148 


149 


150 


151 


Ala 


Ser 


Ala 


Phe 


Gin 


Arg 


Arg 


Ala 


Gly 


Gly 


Val 


GCC 


TCT 


GCT 


TTC 


AAT 


CGA 


TCG 


GCA 


GGA 


GGG 


GT'C 



Pvu 1 



( 3 3 mer) 



The single-strand DNA was synthesized using an Applied Biosystems model 380A DNA synthesizer. A 
1 -ug portion of the single-strand DNA synthesized was dissolved in 50 ul of T4 kinase buffer, 30 units of T4 
polynucleotide kinase was added, and phosphorylation was carried out at 37* C for 60 minutes. 

Then, 0.2 ug of this phosphorylated single-strand DNA and 0.1 ug of the gapped duplex DNA obtained 
50 as described in the preceding section were dissolved in 34 ul of 6.5 mM Tris-HCI buffer (pH 7.5) containing 
8 mM MgCU, 1 mM 2-mercaptoethanol and 100 mM NaCI, the solution was allowed to stand at 65* C for 60 
minutes and then at room temperature for 30 minutes for annealing of the single-strand DNA with the 
gapped duplex DNA. 

To the solution were added dATP, dTTP, dCTP and dGTP each to a concentration of 0.5 mM. After 
further addition of 1 .5 units of DNA polymerase f Klenow fragment and 400 units of T4 DNA ligase, chain 
extension was effected at 4° C for 16 hours. 

The resultant reaction mixture was used to transfect Escherichia coli JM105 and mutant phages were 
obtained. RF DNAs were recovered from mutant phage-infected Escherichia coli JM105 strains and 
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„m. cleavage and by swuencins by the dldeoxy method 
using M13 phage. The desired mutant RF DNA " a 

s ,d) Construction of pCfB028W45 |d. Rg.7.(2>] 

sr* - T4 DNA ,9ase ' li98Mn " 
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25 



30 



pCfBD28N145. 
(e) Construction of pASNH5 



(e) Construction t» h^°^ ■ ,w L ^ 

c * nrfRD28N145 obtained as described in the preceding 
m 50 u! of Y-100 buffer was dissolved 5 MQ of f^^^Z^^ (Toy obo) and BamHl, digestion 

Siting the DNA polymerase . KJenow * 9- nt DNA was^ ^ ^ 

DNA recovered was dissolved m 20 Abou t 0.1 ug of a DNA fragment [Dde. (blunt 

, added, and digestion was earned out at 37 C ito 2 : n n by ^ LGT m e thod 

endVAatll fragment] about 0.2 kb in s.ze wa obtamed from q{ ^ b(jffer> 1Q rts of , he 

S^arateiy. 2 ug of pAS28 obtained « ^ d p, ^^ s ° condu cted at 37* C for 2 hoursjhereafter 
restriction enzyme Aattl (Toyobo) was adde and d.gest,on ja ^ ^ effected at 37 c for 10 

- — 08 kb in size was obt 

' 5 lotion mixture by the ^-"-JgL obtain ed in Reference Example 9 was dissoived in 20 ul of 

Separately. 2 ng of P SElPAlSE1dhf rlQAow a. rf ^ ^ camed Qut at 37 c for 2 

v n huHar 10 units of the restriction enzyme Smal was aooe . w restriction enzyme 

hours ?hen ^CI was added to a final Nad C ™<**™ 0 °?1)°° About 1 *g of a DNA fragment 

o, the P AS 2 8-derived A-fWOrt fragment ^J^*^ «, descrtb ed above, were disced ,n 30 
derived Smal-Xhol fragment (about 8.7 kb). was added, and ligation was earned out at 4 C for 

S5 u-t of T4-DNA-iigise buffer. 400 unrts of T4 DNA J l,gase was E scnerichia coli HB101 and Ap-res.stant 
5 « nours. The ligation reaction mixture ^.^^^^^ to < tneir ^"^^ 

Ls were obtained. Plasmids ^"J^,^ DNA having the desired structure, P ASN145. 
cleavage with restriction enzymes and. as a result, p 
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was obtained. A microorganism harboring the piasmid pASN145 has been deposited, since September 24, 
1988, with the Fermentation Research Institute under the designation Escherichia coli EASN145 (deposit 
number FERM BP-2071) in accordance with the Budapest Treaty. The polypeptide (hG-CSF derivative) 
encoded by the piasmid is distinguished from mature hG-CSF by the foliowing amino acid residue 
5 substitutions: 



Position of amino acid 
substitution (amino acid of 
hG-CSF) 


Piasmid 


pASN145 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Gly) 


Tyr 


Fifth (Pro) 


Arg 


17th (Cys) 


Ser 


145th (Gin) 


Asn 


147th (Arg) 


Ser 



20 

The polypeptide (hG-CSF derivative) encoded by pASN145 is hereinafter referred to as "hG-CSF- 
[ND28N145]". 

25 

Example 4 



30 Production of hG-CSF[ND28], hG-CSF[ND28N6], hG-CSF[ND28N145] and hG-CSF in animal ceils: 

(1) Production of hG-CSF[ND28] in animal ceils harboring pAS28: 

35 pAS28 obtained in Example 1 was introduced into dhfr-deficient CHO ceils by the calcium phosphate 
method. Thus. 5 ml of MEM ALPHA medium (containing ribonucleic acid and deoxyribonucleic acid; Gibco- 
Oriental) supplemented with 10% FCS and 1/50 volume of 7.5% NaHCCh solution (Flow Laboratories) 
[hereinafter such medium is referred to as "MEMa (nonselective medium)" for short] was inoculated with 
such cells at an inoculum size of 1 x 10 5 ceils/ml [a dish 6 cm in diameter (made by LUX) being used for 

40 culture; hereinafter LUX dishes being used for culturing purposes] and cultured in a CO2 incubator at 37° C 
for 1 day. Separately, 10 ag of pAS28 was dissolved in 450 al of 10 mM Tris-HCI (pH 7.5). To this solution 
was added 500 t±\ of a solution containing 280 mM NaCI, 1.5 mM Na 2 HPO* and 50 mM HEPES (N-2- 
hydroxyethyipiperazine-N-2-ethanesulfonic acid) (pH 7.1), followed by shaking. Furthermore, 50 ul of 2.5 M 
CaCb was added and, after shaking, the mixed solution was allowed to stand at room temperature for 5 

45 minutes. The whole DNA solution was added to dhfr-deficient CHO cells prepared from the above- 
mentioned culture by discarding the medium, adding a fresh 10-ml portion of MEMa (nonselec tive 
medium) and incubating for 1 hour. The resultant mixture was incubated for 8 hours. Cells were then 
washed with PBS, 5 ml of MEMa (nonselective medium) was added, and incubation was continued for 16 
hours. Cells were washed with PBS [8 g/liter NaCI, 0.2 g/liter KCl. 1.15 g/liter Na2HPO* (anhydrous), 0.2 

50 g/liter KH2PO4.], 3 ml of a solution containing 0.05% trypsin and 0.02% EDTA (ethylenediaminetetraacetic 
acid) was added and, after removal of the excess solution, the cells were incubated at 37* C for 5 minutes 
(trypsin treatment). MEM ALPHA medium (ribonucleic aicd- and deoxyribonucleic acid-free) supplemented 
with 10% dialyzed FCS (Gibco-Oriental), 1/50 volume 7.5% NaHC03, 1/100 volume 100 x nonessential 
amino acid solution and 0.3 mg/ml G418 (Gibco-Oriental) [hereinafter such medium is referred to as "MEMa 

55 (selective medium)" for short] was added and, after causing the cells to be suspended well in said medium, 
the cells were cultured in a CO2 incubator at 37 *C for 5 days using a dish 10 cm in diameter. The cells 
were washed with PBS, then MEMa (selective medium) was added, and incubation was continued for 5 
days. After the same procedure was followed, incubation was further continued for 5 days. Th cells wer 
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washed with PBS, then treated with trypsin, suspended in 10 ml of MEMa (selective medium) by adding the 
medium, and cultured in a CO2 incubator at 37 *C for 3 to 7 days using a dish 6 cm in diameter. Colonies 
that had appeared were treated with trypsin and then inoculated into a dish, 10 cm in diameter, to a 
concentration of 5 x 10* cells/ml using 10 ml of MEMa (selective medium) containing 50 nM methotrexate 

5 (hereinafter referred to as "MTX" for short). Medium exchange was made three times at 5-day intervals 
using the above-mentioned medium. MTX-resistant colonies that had appeared were monoclonally sepa- 
rated and each cultured until confluence using a dish 6 cm in diameter. Thereafter, the medium was 
replaced with FCS-free MEMa (selective medium) and, after further 2 days of incubation, the production of 
hG-CSF[ND28] in the culture fluid was examined. The production was highest in clone No. 22, namely 10 

jo u,g hG-CSF[ND28] per 10 s cells/2 days. This clone was cultured in a Falcon 3027 roller bottle containing 
100ml of MEMa (selective medium) containing 50 nM MTX. After the culture cells became confluent, 
incubation was continued for 3 days using the above-mentioned FCS-free medium. This 100-ml culture fluid 
was used in Example 5, 

(2) Production of hG-CSF[ND28N6] by animal cells harboring pASN6: 

Cell lines capable of producing hG-CSF[ND28N6] were obtained following the procedure mentioned 
above and using pASN6 obtained in Example 2 and the dhfr-deficient CHO cell line. Among them, clone 
20 No. 16 showed the highest production of 7 ug/10 6 ceils/2 days. This clone was cultured in a Falcon 3027 
roller bottle containing 100 mi of MEMa (selective medium) containing 50 nM MTX and, after confluency 
was attained, cultivation was continued for 3 days using the above-mentioned FCS-free medium. This 100- 
ml culture fluid was used in Example 5. 

25 

(3) Production of hG-CSFlND28N145] by animal cells harboring pASN145; 

Cell lines capable of producing hG-CSF[ND28N145] were obtained following the procedure mentioned 
above and using pASNl45 obtained in Example 3 and the dhfr-deficient CHO ceil line. Among them, clone 
30 No. 9 showed the highest production of 7 ug/10 6 cells/2 days. This clone was cultured in a Falcon 3027 
roller bottle containing 100 ml of MEMa (selective medium) containing 50 nM MTX and, after the culture 
cells became confluent, cultivation was continued for 3 days using the above-mentioned FCS-free medium. 
This 100-ml culture fluid was used in Example 5. 

35 

(4) Production of hG-CSF by animal cells harboring pAS3-3; 

Cell lines capable of producing hG-CSF were obtained following the procedure mentioned above and 
using pAS3-3 obtaind in Reference Example 10 and the dhfr-deficient CHO cell line. Among them, cldne 
40 No. 5 showed the highest production of 10 u,g/10 6 cells/2 days. This clone was cultured in a Falcon 3027 
roller bottle containing 100 ml of MEMa (selective medium) containing 50 nM MTX and, after the culture 
cells became confluent, cultivation was continued for 3 days using the above-mentioned FCS-free medium. 
The 100-ml culture fluid thus obtained was used in Example 5 as a sample containing natural hG-CSF. 

45 . „. ._. . 

Example 5 



50 Investigations of carbohydrate chain-introduced hG-CSF derivatives hG-CSF[ND28], hG-CSF[N028N6] and 
hG-CSF[ND28N145] as to protease resistance and of hG-CSF[ND28N6] as to thermal stability: 



(1) Confirmation of carbohydrate chain addition 

From the serum-free culture fluid obtained in Example 4 and containing natural hG-CSF, hG-CSF- 
[ND28], hG-CSF[ND28N6] or hG-CSF[ND28N145], cells were completely removed by centrifugation. A 15- 
n\ portion of each sample was subjected to SDS-polyacrylamide gel electrophoresis [Laemmli: Nature, 227. 
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(2) Protease resistance investigation 
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hG-CSF[ND28N6], the species having an additional N-glycosylated carbohydrate chain was more resistant 
to said enzyme than the species having no such carbohydrate chain [Fig. 8-(5)]. In the case of hG-CSF- 
[ND28N145] comprising four kinds of polypeptide, namely the species having one Oglycosylated carbohy- 
drate chain (natural type), that having an additional O-glycosylated carbohydrate chain, that having an 
additional N-glycosylated carbohydrate chain and that having both additional carbohydrate chains, those 
having an additional N-glycosylated carbohydrate chain were more resistant than others. The species 
having an additional O-glycosylated carbohydrate chain as well as an additional N-glycosylated carbohy- 
drate chain was the most resistant [Fig. 8-{6)]. 



(3) Thermal stability investigation 

A 5-ml portion of the hG-CSF[ND28N6]-containing. serum-free, culture supernatant obtained in Example 
4-{2) was concentrated to 500 ul using a Molcut-10 membrane (Millipore). A 100-ul portion of the 
concentrate was applied to a Superose 12 column (Pharmacia) (1 cm x 30 cm) and the N-glycosylated hG- 
CSF[ND28N6] species was isolated. For chromatography, 0.1 M Tris-HCI buffer (pH 8.0) containing 0.2 M 
NaCI and 1 mM EDTA was used. The buffer was passed through the column at a flow rate of 0.5 ml/minute. 
Three repetitions of the above chromatography gave about 1.5 ml of a solution containing the N- 
glycosylated hG-CSF[ND28N6] species (hG-CSF. concentration about 1.7 ug/ml). To 350 ul of this solution 
were added 3.5 ul of 1% Tween 20 and 1 ul (0.25 unit) of N-glycanase (Seikagaku Kogyo), and the N- 
glycosylated carbohydrate chain was eliminated by conducting the reaction at 37 C for 17.5 hours. An 
untreated control was also prepared by adding 1 ul of sterilized water in lieu of N-glycanase and subjected 
to the same reaction procedure. After the reaction period, a portion of each reaction mixture was subjected 
to SDS-polyacrylamide gel electrophoresis, foflowed by silver staining. It was thus confirmed that the N- 
glycosylated carbohydrate chain had been eliminated in the N-glycanase-treated sample. 

Immediately after completion of the above reaction, both reaction mixtures were used in a comparative 
thermal stability test at 56* C. Thus. 60 ul of each reaction mixture was maintaind at 56 *C. After 0, 30. 120. 
240 and 360 minutes, sampling (10 ul per sampling) was made and hG-CSF activity measurement was 
performed by colony forming ability testing using mouse bone marrow hematopoietic stem cells. The 
results obtained are shown in Fig. 8-(7). In the figure, the activity is shown in terms of residual activity with 
the activity after 17.5 hours of incubation at 37 °C being taken as 100%. The activity after 17.5 hours of 
incubation at 37 "C was 48.1% for the N-glycanase-treated sample and 66.8% in the control when the 
activity before incubation was taken as 100%. 

As shown in Fig. 8-(7), it was found that the N-glycosylated hG-CSF[ND28N6] species (control) was 
more stable against heat than the hG-CSF[ND28N6] species from which the N-glycosylated carbohydrate 
chain had been eliminated (N-glycanase treatment). 

Example 6 



Construction of UK-S1 expression plasmid pSE1UKS11d: 



(1) Construction of single-strand template DNA (single-strand pUKmpSI): 

About 3 ug of pUK1 obtained in Reference Example 2 was dissolved in 30 ul of Y-100 buffer. 10 units 
each of the restriction enzymes Pstl and BamH l were added, and digestion was carried out at 37 C for 2 
hours. After a 10-minute heat treatment at 65 C, a 890-bp Pstl-BamHI fragment was purified by the AFT 
method [BioTechniques. 2, 66-67 (1984)]. 

Separately, about 1 ug of the Ml3mp!8 RF DNA (M13 phage vector; Takara Shuzo) was dissolved in a 
total volume of 30 ul of Y-100 buffer. 10 units each of the restriction enzymes Pstl and Bam Hl were added, 
and digestion was performed at 37* C for 2 hours. After 10-minute heat treatment at 65 C. a DNA fragment 
about 7.2 kb was purified by the AFT method. 

The thus-obtained pUK1 -derived 890-bp DNA fragment and M13mp18 RF DNA-derived 7.2-kb DNA 
fragment were dissolved in a totaJ volume of 20 Ul of T4 ligase buffer. 300 units of T4 DNA ligase was 
added, and ligation was carried out at 4* C for 18 hours. 
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Then, the above ligation reaction mixture was used to transfect Escherichia coii JM105 by the known 
method [Messing et al.: Methods in Enzymology, 1CM, 20 (1983)] and recombinant phages were obtained. 
Escherichia coli JM 105 was infected with one of the recombinant phages by the known method ( vide 
supra) and cultured. A singie-strand phage DNA was recovered from culture fluid. A double-stranded phage 
5 DNA was also recovered from cultured cells according to the plasmid DNA recovering method. The 
structure of this double-stranded phage DNA (pUKmpSI) was confirmed by digestion with restriction 
enzymes (cf. Fig. 9). 

70 (2) Induction of mutation in UK cDNA using oligonucleotide: 



[A] Preparation of synthetic DNA for mutagenesis and phosphorylation: 

75 For the purpose of producing a UK derivative containing Asn in lieu of the 164th amino acid Phe 
residue of UK and having a carbohydrate chain added (hereinafter said UK derivative is referred to as "UK- 
SI" for short), the 17-base synthetic DNA 5 -GGGGAGAAAACACCACC-3' was synthesized using an 
Applied Biosystems model 380A DNA synthesizer. 

Then, 25 picomoles of the thus-obtained synthetic DNA was 5 -phosphorylated by carrying out the 

20 reaction in 10 ul of 50 mM Tris-HCI buffer [pH 7.6) containing 10 mM MgCI 2 , 5 m DTT, 0.1 mM EDTA and 
0.5 mM ATP in the presence of 5 units of T4 DNA kinase (Takara Shuzo) at 37° C for 30 minutes. 



[B] Site-directed mutagenesis using two oligonucleotide primers: 

25 

A mixed solution composed of 6.5 ul of a solution containing the single-strand recombinant phage DNA 
obtained as described above [containing about 2 ug of DNA), 1 ul of 10 times concentrated polymerase 
buffer [containing 500 mM Tris-HCI (pH 7.8), 70 mM MgCI 2 , 60 mM 2-mercaptoethanol, 0.25 mM dATP, 
0.25 mM dCTP. 0.25 mM dGTP and 0.25 mM dTTp] and 2 ul (2.5 picomoles) of the synthetic DNA for 

30 mutagenesis obtained as described above was allowed to stand at 65 *C for 5 minutes, at 55* C for 5 
minutes, at 37* C for 10 minutes and then at 25° C for 10 minutes, then 3 units of Escherichia coli 
polymerase I Klenow fragment (hereinafter abbreviated as "Klenow fragment") (Takara Shuzo) was added, 
and reaction was carried out at 25 *C for 30 minutes. Then 1 ul of 10 times concentrated polymerase 
buffer, 6 ul of 0.5 picomole/ul M13 primer M4 (Takara Shuzo) and 3 units of the Klenow fragment were 

35 added to the reaction mixture. After 10 minutes of reaction at 37* C and 40 minutes of reaction at 25* C, 2 
ul of 10 mM ATP and 300 units of T4 DNA ligase were added and ligation was carried out at 11 " C for 18 
hours. After the reaction mixture was subjected to phenolchloroform extraction, a DNA fragment was 
recovered by ethanol precipitation. This DNA fragment was dissolved in a total volume of 30 ul of Y-100 
buffer, 12 units of Eco RI and 12 units of Pstl were added, and digestion was carried out at 37 °C for 2 

40 hours. After 10-minute heat treatment at 65 C, a Pstl- Eco RI fragment about 600 bp in size was purified by 
the AFT method. 



[C] Insertion of mutant DNA fragment into vector 

45 

About 3 ug of the pUK11 plasmid DNA obtained in Reference Example 3 was dissolved in 30 ul of Y- 
50 buffer, 10 units of Aatll (Toyobo) and 8 units of Pstl were added, and digestion was carried out at 37° C 
for 2 hours. After 10-minute heat treatment at 65° C, an Aatll-Pstl fragment about 1.0 kb in size was purified 
by the AFT method. Separately, about 3 ug of the pUKBlOl plasmid DNA obtained in Reference Example 
so 12 was dissolved in 30 ul of Y-50 buffer, 10 units of Aatll and 10 units of EcoRI were added, and digestion 
was carried out at 37* C for 2 hours. After 10-minute heat treatment at 65 *C, an Aatll-EcoRI fragment about 
2.9 kb in size was purified by the AFT method. 

The thus-obtained pUK11-derived Aatll-Pstl fragment (about 0.05 ug), pUKB1 01 -derived Aatll-EcoRI 
fragment (about 0.1 ug) and mutant 600 bp Pstl- Eco RI fragment were dissolved in 20 ul of T4 ligase buffer, 
55 300 units of T4 DNA ligase was added, and ligation was carried out at 4* C for 18 hours. • 

The recombinant plasmid mixture obtained was used to transform Escherichia coli C600 SF8 [Proc. 
Natl. Acad. Sci. USA, 72, 3416 (1975)] and Ap-resistant strains were obtained. From among these 
transformants, a recombinant plasmid, pUKSl , capable of hybridizing with a probe prepared by labeling the 
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synthetic DNA for mutagenesis (mentioned above) with 32 P at the 5 end was isolated by the colony 
hybridization method. Structural analysis by restriction enzyme digestion and sequencing by the dideoxy 
method using M13 phage confirmed that pUKS1 had the desired structure (cf. Fig. 10). 

s 

(3) Construction of UK-S1 expression plasmid pSE1UKSl-1d: 

About 2 ug of the pSElPAlSE1dhfr1-9A plasmid DNA obtained in Reference Example 9 was dissolved 
in 30 ul of Y-0 buffer, 10 units of Kpnl was added, and digestion was carried out at 37* C for 2 hours. Then, 

70 1.5 ul of 2 M NaCI and 10 units of Xhol were added and digestion was effected at 37 °C for 1 hour. After 
10-minute heat treatment at 65* C, a~DNA fragment about 8.6 kb in size was purified by the AFT method. 
Separately, about 3 ug of the pSEIUKproM A plasmid DNA obtained in Reference Example 13 was 
dissolved in 30 til of Y-100 buffer, 12 units of Bglll and 12 units of Xhol were added, and digestion was 
carried out at 37* C for 2 hours. After 10-minute heat treatment at 65 C, a DNA fragment about 0.75 kb in 

75 size was purified by the AFT method. Further, separately, about 3 ug of the pUKS1 plasmid DNA obtained 
as described above was dissolved in 30 ul of Y-0 buffer, 15 units of Kpn l was added, and digestion was 
conducted at 37 'C for 2 hours. Then, 1.5 ul of 2 M NaCI and 12 units of Bglll were added and digestion 
was further carried out at 37° C for 1 hour. After 10-minute heat treatment at 65* C, a DNA fragment about 
1.15 kb in size was purified by the AFT method. 

20 The thus-obtained pSE1PA1SE1dhfr1-9A-derived DNA fragment (about 8.6 kb; about 0.1 ug), 
pSE1UKprol-1A-derived DNA fragment (about 0.75 kb; about 0.02 ug) and pUKS1 -derived DNA fragment 
(about 1 .15 kb; about 0.02 ug) were dissolved in a total volume of 20 ul of T4 ligase buffer, 100 units of T4 
DNA ligase was added, and ligation was carried out at 4° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 

25 resistant strains were obtained. A plasmid DNA, pSE1UKS1-1d, was isolated from one of the transformants. 
As a result of structural analysis by restriction enzyme digestion, it was confirmed that pSE1UKS1-1d had 
the desired structure (cf. Fig. 11). 

A microorganism harboring the plasmid pSE1UKSl-1d has been deposited since September 24, 1988 
with the Fermentation Research Institute under the designation Escherichia coli EUKS1-1d (deposit number 

30 FERM BP-2072) in accordance with the Budapest Treaty. 
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35 

Production of UK-S1 and pro-UK polypeptides in animal cells: 



40 (1) Production of UK-S1 polypeptide by CHO cells harboring pSE1UKS1-1d: 

pSE1UKSl-1d obtained in Example 6 was introduced into dhfr-deficient CHO cells according to the 
calcium phosphate method. Thus, 5 ml of MEMa (nonselective medium) supplemented with 1/10 volume 
FCS and 1/50 volume 7.5% NaHC03 (Flow Laboratories) was inoculated with said cells at an inoculum size 

45 of 1 x 10 s cells/ml and, using a LUX dish (6 cm in diameter), cultivation was conducted in a C0 2 incubator 
at 37* C for 1 day. Separately, 10 ug of the p$E1UKS1-1d DNA was dissolved in 450 ul of 10 mM Tris-HCI 
(pH 7.5). To the solution was added 500 ul of 50 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesul- 
fonic acid) buffer (pH 7.1) containing 280 mM NaCI and 1.5 mM Na 2 HPO*. followed by further addition of 
50 ul of 2.5 M CaCI 2 . The resultant mixture was allowed to stand at room temperature for 5 minutes. The 

so whole amount of this DNA solution was added to dhfr-deficient CHO cells prepared from the above culture 
by discarding the mediumT^din^10~ml"of "fresh MEMa (nonselective~medium)-and culturing further for 1 
hour. Incubation was then performed for 8 hours. Cells were washed with PBS, 5 ml of MEMa (nonselective 
medium) was added, and cultivation was carried out for 16 hours. Cells were washed with PBS [8 g/liter 
NaCI, 0.2 g/liter KCI, 1.15 g/liter Na 2 HP04 (anhydrous), 0.2 g/liter KH2PO4], 3 ml of a solution containing 

55 0.05% trypsin and 0.2% EDTA (ethyienediaminetetraacetic acid) was added and. after discarding the 
excess solution, incubation was carried out at 37 *C for 5 minutes (trypsin treatment). MEMa (selective 
m dium) supplemented with 10% dialyzed FCS (Gibco-Oriental), 1/50 volume 7.5% NaHC0 3 ' 1/100 volume 
100 x nonessential amino acid solution and 0.3 mg/ml G418 (Gibco-Oriental) was added and, after attaining 
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sufficient suspension of cells, cultivation was carried out in a CO2 incubator at 37° C for 5 days using a dish 
10 cm in diameter. Cells were washed with PBS, MEMa (selective medium) was added, and cultivation was 
continued for 5 days. Following the same procedure, further cultivation was conducted for 5 days. Cells 
were washed with PBS, then treated with trypsin, suspended in 10 ml of MEMa (selective medium) and 

5 cultivated in a CO2 incubator at 37 °C for 3 to 7 days using a dish 6 cm in diameter. Colonies that had 
appeared were treated with trypsin and inoculated into a dish (10 cm in diameter) using 10 ml of MEMa - 
(selective medium) containing 50 nM MTX to a cell concentration of 5 x 10* cells/ml. Medium exchange 
was made three times at 5-day intervals using the medium mentioned above. MTX-resistant colonies that 
had appeared were monoclonally isolated and respectively cultured until confluence using dishes 6 cm in 

10 diameter. After medium substitution with 5 ml of MEMa (selective medium) containing 50 nM MTX, 
cultivation was conducted for 1 day and each culture fluid was examined for UK-S1 activity by the fibrin 
plate assay method [Granelli-Piperno and Reich: J. Exp. Med., 148 , 233 (1978)]. Clone No. 12 showed the 
highest activity and the yield of UK-S1 amounted to 5 ug/10 6 cells/day. This clone was cultured in a Falcon 
3027 roller bottle containing 100 ml of MEMa (selective medium) containing 50 nM MTX. After confluence 

15 was attained, cultivation was continued for 3 days using the same medium as the above-mentioned one 
except that it was FCS-free and contained 10 KlU/ml aprotinin (Boehringer Mannheim). The resultant culture 
fluid (100 ml) was used in Example 8. 

20 (2) Production of pro-UK polypeptide by animal cells harboring pSE1UKpro1-1A: 

Using the recombinant plasmid pSE1UKpro1-1A obtained in Reference Example 13 together with pSV2- 
dhfr [Subramani et al., Moi. Ceil Biol., 1, 854 (1981)] and dhfr-deficient CHO cells and following the 
procedure mentioned above. pro-UK-producing cell lines were obtained. Among them, clone No. 5 showed 
25 the highest activity and the pro-UK production by said clone amounted to 3 ug/10 6 cells/day. This clone 
was cultured in a Falcon 3027 roller bottle containing 100 ml of MEMa (selective medium) containing 50 nM 
MTX. After confluence was achieved, cultivation was continued for 3 days using the same medium as the 
above-mentioned one except that it was free of FCS and contained 10 KlU/ml aprotinin (Boehringer 
Mannheim). This 100-ml culture fluid was used in Example 8. 



Example 8 



35 

Comparison in thrombin sensitivity between natural pro-UK and carbohydrate chain-added modification UK- 
Si: 



40 (1) Purification of pro-UK and UK-S1 from CHO ceil culture fluids: 

To the 100-ml serum-free culture fluid obtained in Example 7 and containing natural pro-UK or the 
carbohydrate chain-added modification UK-S1 was added 5 ml of zinc (Zn) chelate-Sepharose (Pharmacia 
Fine Chemicals) equilibrated with 50 mM phosphate buffer (pH 7.5) containing 0.05% Tween 80 and 0.05% 
45 NaN 3 (hereinafter such buffer is referred to as "PBS-TA M for short). The mixture was stirred gently at 4* C 
for 1 hour. The mixture was packed into an Econo column (Bio-Rad). 

Each column was washed with 10 bed volumes of PBS-TA containing 10 KlU/ml aprotinin and then 
elution was carried out with PBS-TA containing 10 KlU/ml aprotinin and 50 mM imidazole. Eluate fractions 
were examined for the presence of urokinase protein by the above-mentioned fibrin plate assay method and 
50 urokinase protein-containing fractions were pooled. To the pooled solution was added 5 ml of SP-Sephadex 
C50 (Pharmacia Fine Chemicals) equilibrated with PBS-TA. The resulting mixture was stirred gently at 4*C 
for 1 hour and then pakced into a minicolumn (Seikagaku Kogyo's Sepacol Mini). Th column was washed 
with 10 bed volumes of PBS-TA and then eluted with 3 bed volumes of PBS-TA containing 500 mM NaCI. 
Immediately thereafter, 1 ml of benzamidine-Sepharose 6B (Pharmacia Fine Chemicals) equilibrated 
55 with PBS-TA was added to the eluate. The mixture was stirred gently at 4* C for 1 hour and then packed 
into a minicolumn (Seikagaku Kogyo's Sepacol Mini) and the effluent fraction was collected. This fraction 
contained natural single-chain pro-UK or single-chain UK-S1. 

That UK-S1 contained a new N-glycosylated carbohydrate chain was confirmed by the fact that upon 
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analysis by SDS-polyacry (amide gel electrophoresis, UK-S1 showed a greater molecular weight as com- 
pared with natural pro-UK and the fact that treatment of natural pro-UK and UK-S1 with N-glycanase 
resulted in decreases in molecular weight in both cases, giving products almost equal in molecular weight 

5 

(2) Test of purified natural pro-UK and UK-S1 for thrombin sensitivity: 

The solution containing natural pro-UK or UK-S1 as obtained as described above was diluted with PBS- 
TA containing 300 mM NaCI to adjust the urokinase activity to 1,000 lU/mi as determined by the fibrin plate 

io assay method. To 216 ill of the dilution was added 36 ul of 24 uM human thrombin and the mixture was 
incubated at 37* C. The human thrombin used was a product of Sigma. The human thrombin was used after 
addition of 100 IU of aprotinin to 298 IU of thrombin, followed by 1-hour reaction at 37* C. After the lapse of 
15, 30, 60 and 120 minutes following thrombin addition, sampling was made (63 u.l per sampling). The 
reaction was terminated by adding 9 ul of 24 j±M thrombin inhibitor ("Thromstop"; American Diagnostica). A 

is sample was also prepared by adding the thrombin inhibitor immediately after thrombin addition (this was 
regarded as a sample after the lapse of 0 (zero) minute following thrombin addition). In a control group, 
incubation was performed at 37 °C without addition of thrombin. 

Then, 22.5 ul of each sample was subjected to SDS-polyacrylamide gel electrophoresis [Laemmli: 
Nature, 227, 680 (1970)] and whether the single chain urokinase (or derivative) was converted to the double 

20 chain form. As a result, it was found that the proportion of the double chain form was smaller in UK-S1 as 
compared with natural pro-UK (cf. Fig. 12). This result indicate that UK-S1 is less sensitive to thrombin. 

Furthermore, for confirming the above result, S-2444 amidolytic activity measurement was made. Thus, 
each of the above samples was diluted 5 times with TNT buffer [0,5 M Tris-HCi (pH 7.4), 0.38 M NaCI, 
0.1% Tween 80], 50 ul of 10 uM human plasmin was added to 50 ul of the dilution, and the mixture was 

25 incubated at 37* C for 30 minutes. The human plasmin used was a product of Boehringer Mannheim. Then, 
50 ul of the chromogenic substrate S-2444 (1.2 mM; Kabi Vitrum) was added and, after further 90 minutes 
of reaction ar 37* C, the absorbance at 405 nm was measured and the amidolytic activity was calculated. 
The results thus obtained are shown in Fig. 13. 

As shown in Fig. 13, it was found that UK-S1 has lower sensitivity to thrombin as compared with natural 

30 pro-UK. 
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35 

In vivo evaluation of natural pro-UK and carbohydrate chain-added UK-S1 



40 

(1 ) Constant infusion experiment: 

Male beagle dogs (weighing 5.5-11.5 kg) aged 4-6 months were used. The animals were anesthetized 
with pentobarbital sodium, 39 mg/kg i.v., and underwent artificial respiration with room air. Natural pro-UK or 

45 — the-carbohydrate chain-added UK-S1 obtained in Example 8 was administered by constant infusion for 30 
minutes (2,000 Wkg/min) into the femoral vein. Blood was collected from the femoral artery before 
administration (0 min) and after 15, 30, 45, 60 and 90 minutes after initiation of administration. The blood 
samples collected were immediately centrifuged and the plasma samples obtained were stored frozen at 
-20 "C until assayed. Using the plasma samples obtained, three systemic fibrinolytic factors, namely, az- 

so plasmin inhibitor, plasminogen and fibrinogen were determined as follows. 

One volume of 3.8% citric acid was added to 9 volumes of each whole, blood sample, the mixture was 
centrifuged at 3,000 rpm for 10 minutes and the supernatant was used as a sample for assaying the above 
three factors. For assaying a2-piasmin inhibitor and plasminogen, PPACK (D-phenylalanyl-L-prolyl-L- 
arginine chloromethyl ketone, CALBIOCHEM® Lot No. 586042, Hoechst) was added to the plasma sample 

55 to give a final concentration of 12.5 uM and, for assaying fibrinogen, 250 U/ml of aprotinin (Trasylol®, 
Bayer) was added to the plasma sample. 

Measurements were performed using an Olympus model AU510 autoanaly2er. The reagents used were 
ALP Autocolor Sankyo® (Sankyo) for assaying a2-piasmin inhibitor and plasminogen, and Fibrinogen 
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Reagent® (International Reagent) for assaying fibrinogen. 

It was found that the carbohydrate chain-added UK-S1, like natural pro-UK, scarcely activated systemic 
fibrinolytic system (cf. Fig. 45). Sandwitch immunoenzyme assay using antibody against urokinase revealed 
that the plasma elimination half-life of the carbohydrate chain-added UK-S1 was 24.2 minutes, whereas that 
s of natural pro-UK was 12.0 minutes, showing a prolongation of elimination half-life. The area under the 
plasma concentration-time curve (AUC) for the carbohydrate chain-added UK-S1 was about 3.6 times larger 
than that for natural pro-UK [cf. Table 8-{A)]. 



jo (2) Rapid bolus intravenous injection experiment: 

Male and female mongrel dogs (weighing 4.6-13.0 kg) were used. The femoral artery of each dog 
prepared in the same manner as above was exposed in a length of about 5 cm and electromagnet 
flowmeter was fixed to the most proximal site. The distal and proximal ends of a portion (about 1 cm) of the 
15 artery containing the bifurcation were Hgated to make a small portion free of blood flow where thrombus was 
prepared by infusing 0.2-0.4 ml of 1,000 U/ml of thrombin (Green Cross) from the bifurcation. Thrombus 
formation and lysis were determined by increase or decrease of blood flow, respectively. The animal was 
left untreated for at least 1 hour (1-1.5 hours) after thrombus formation to ascertain that spontaneous 
recanalization did not occur. Natural pro-UK or the carbohydrate chain-added UK-S1 (0.6 mg/kg) was 
so administered by bolus intravenous injection over 3 minutes and blood samples were collected before 
administration (0 minutes) and 15. 30, 45, 60, 90 and 120 minutes after initiation of administration. 

Recanalization was not observed in 2 dogs to which natural pro-UK was administered, while re- 
canalization was observed in all three dogs treated with the carbohydrate chain-added UK-S1. 

With natural pro-UK, systemic fibrinolytic factors tended to be activated, while with the carbohydrate 
25 chain-added UK-S1, as in infusion, no activation of systemic fibrinolytic factors was found (cf. Fig. 46). 

At the same time, the plasma level of natural pro-UK and that of the carbohydrate chain-added UK-S1 
were determined. The elimination half-life of the carbohydrate chain-added UK-S1 was 48.1 minutes, while 
that of natural pro-UK was 30.3 minutes, showing a prolongation of the elimination half-life of the former. 
The AUC for UK-S1 was about 5.6 times larger than that for natural pro-UK. 

30 

Table 8 



Blood half-life data for natural pro-UK 
and carbohydrate chain-added UK-S1 


(A) Continuous infusion (beagle dogs) 




T1/2 (min) 


AUC 
(jxg'min/ml) 


Pro-UK 


12.0 ± 1.9 


60.2 ± 13.4 


UK-S1 


24.2 ± 10.0 


214 ±57.6 


(B) Rapid bolus intravenous injection 
(mongrel dogs) 




T1/2 (min) 


AUC 
(u,g*min/ml) 


Pro-UK 


30.3 ± 8.9 


98.8 ± 38.1 


UK-S1 


48.1 ± 2.0 


555 ±118 



fi 5 Exampl 10 
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Construction of recombinant plasmid pUKS3 coding for carbohydrate chain-added UK-S3: 



In 30 ul of Y-100 buffer was dissolved about 2 ug of the pUKS1 plasmid DNA obtained in Example 6- 
5 (2)-(c), 16 units of Ctrl and 10 units of Hindlli were added to the solution, and digestion was effected at 
37° C for 2 hours. *Afier lO-minute heaftreatment at 65 °C, a DNA fragment about 0.75 kb in size was 
purified by the AFT method. Separately, about 2 ug of the phPA2 plasmid DNA obtained in Reference 
Example 20 was dissolved in 30 ul of Y-100 buffer, 10 units of Hindlli and 1 unit of EcoRI were added, and 
digestion was carried cut at 37 *C for 2 hours. After 10-minute heat treatment at 65 C, a DNA fragment 
10 about 3.4 kb in size was purified by the AFT method. The following two synthetic DNAs (43-mer and 43- 
mer) were synthesized and phosphoryiated at the 5 ends as described in Example 1: 

S'-GGCCAA AAG ACT ATT CGA ACG CGT TTT AAG ATT ATT GOG GGA G-3* 

3'-TT to iga TAA GCT TGC GCA AAA TIC TAA TAA CCC OCT dTAA-5 1 



15 



20 



25 



30 



35 



45 



SO 



55 



The thus-prepared pUKSl-derived DNA fragment (about 0.75 kb; about 0.1 ug), phPA2-derived DNA 
fragment (about 3.4 kb: about 0.1 ug) and two 5 -phosphorylated synthetic DNAs (1 picomole each) to were 
dissolved in a total of 20 ul of T4 ligase buffer, 300 units of T4 ligase was add8d, and ligation was carried 
out at 4* C for 18 hours. The recombinant plasmid mixture thus obtained was used to transform Escherichia 
coli MM294 to give Ap-resistant transformant strains. The plasmid DNA was isolated from each transformant 
and subjected to structural analysis by restriction enzyme digestion and to base sequence determination by 
the M13 dideoxy sequencing method. A plasmid DNA having the desired structure and including the base 
substitutions of the 153th Leu with Asn and the 155th Pro with Thr was named pUKS3 (cf. Fig. 47), The 
amino acid sequence of UK-S3 obtained herein is shown in Table 7. 
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55 Construction of UK-S3 expression plasmid pSEUKS3: 

About 2 ixg of the pSE1PAlSE1dhfrl-9A plasmid DNA obtained in Reference Example 9 was dissolved 

37 



0370205A2J_> 



EP 0 370 205 A2 



in 30 ul of Y-0 buffer, 10 units of Kpnl was added, and digestion was carried out at 37* C for 2 hours. Then, 
1.5 ul of 2 M NaCl and 10 units of Xhoi were added, and digestion was further performed at 37° C for 1 
hour. After 10-minute heat treatment at 65 *C, a DNA fragment about 8.6 kb in size was purified by the AFT 
method. Separately, about 3 ug of the pSElUKprol-lA plasmid DNA was dissolved in 30 ul of Y-100 

5 buffer, 12 units of Bglll and 12 units of Xhol were added, and digestion was carried out at 37* C for 2 hours. 
After 10-minute heat treatment at 65* C, a DNA fragment about 0.75 kb in size was purified by the AFT 
method. Further, separately, about 3 ug of the pl)KS3 plasmid DNA obtained in Example 10 was dissolved 
in 30 ul of Y-0 buffer, 15 units of Kpn f was added, and digestion was carried out at 37° C for 2 hours. Then, 
1.5 Ut of 2 M NaCl and 12 units of Bglii were added, and digestion was further carried out at 37* C for 1 

10 hour. After 10-minute heat treatment at 65 *C, a DNA fragment about 1.15 kb in size was purified by the 
AFT method. 

The thus-obtained pSElPAlSEldhfn-9A-derived DNA fragment (about 8.6 kb; about 0.1 ug), 
pSE1UKpro1-1A-derived DNA fragment (about 0.75 kb; about 0.02 ug) and pUKS3-derived DNA fragment 
(about 1.15 kb; about 0.02 ug) were dissolved in a total of 20 ul of T4 ligase buffer, 100 units of T4 DNA 
75 ligase was added, and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture thus obtained was used to transform Escherichia cbii MM294 to give 
Ap-resistant transformants. Upon structural analysis by restriction enzyme digestion, the plasmid DNA 
pSEUKS3 isolated from one of the transformants was found to have the desired structure (cf. Ftg. 48). 

An Escherichia coir strain harboring the plasmid pSEUKS3 has been deposited, since June 15, 1989, 
20 with the Fermentation Research Institute under the designation Escherichia coli ESEUKS3 and deposit 
number FERM 8P-2478 under the Budapest Treaty. 



Example 12 

25 



Production of UK-S3 polypeptide by animal cells carrying pSEUKS3 



UK-S3-producing ceil lines were obtained using the recombinant plasmid pSEUKS3 obtained in 
Example 11 and dhfr-deficient CHO cells and following the procedure mentioned above. Among them, clone 
No. 13 had the highest activity and produced UK-S3 at a rate of 3 ug/10 6 cells/day. This clone was cultured 
in a Falcon 3027 roller bottle containing 100 ml of MEMa (selective medium) containing 50 nM MTX. After 
35 confluence was achieved, cultivation was continued for 3 days using the same medium as the above- 
mentioned one except that it was free of FCS but contained 10 KlU/ml aprotinin (Boehringer Mannheim) to 
thereby obtain 100-ml culture fluid. 



40 Example 13 



Heat stability testing of carbohydrate chain-added UK-S3: 

45 

The carbohydrate chain-added UK-S3 was purified from the CHO cell culture fluid in the same manner 
as in Example 8-(1). The purified natural pro-UK and carbohydrate chain-added UK-S3 were each dissolved 
in 50 mM phosphate buffer (pH 7.5) containing 200 mM arginine, 100 mM NaCl, 0.01% Tween 80 and 
so 0.05% sodium azide to give a concentration of 10 ug/ml and each solution was incubated at 70 *C. 
Samples were collected before incubation and 1, 2, 3 and 4 hours after initiation of incubation, cooled on 
ice and immediately assayed for residual activity by the fibrin plate method (cf. Fig. 49). 

It was found that the carbohydrate chain-added UK-S3 was more stable against heat than natural pro- 
UK. 



Reference Example 1 
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Construction of plasmid ptPA7 carrying human t-PA cDNA: 



30 



(1) Preparation of poly(A) RNA from Detroit 562 cells: 

A poly<A)-containing RNA was prepared from the human laryngeal cancer cell line Detroit 562 by the 
auanidL ^^ r o nr Exo B iol Med 

cell suspension. A total of 1 x 10 cells were w « minutes) washed with 80 ml of 

HCI (pM b.U) ana i nuvi .... ^lirtn/HTUrfiHtjiose column (P-L. Bochemicals) chromatog- 

StShS (PH 7.5) ^t .« EDTA to give about 90 US, ol po W HO.»™ 9 mRNA. 



35 



40 



45 



50 



55 



(2) cDNA synthesis and insertion of said DNA into vector: 

A cDNA was synthesized and a recombinant plasmid with the same inserted therein was constructed by 

Thus. 400 Ufl fo S SSL. after further addition of 

solution containing 10 mM Tns-HCl (pfi /.s>), ° mivl ,v, y u ' 2 —--tinn at 37 C After phenol- 

500 units of Kpn.. the plasmid was cleaved at its Kpnl s.te by 6 ho ^,: e o a ^ 
cNorotorm exTraction. DNA was recovered by f^^^^Z^oT^Zo a buffer 
was added to 200 Hi of a solution prepared by addmg dTTP in a c °" cen ^ °" M c a and 

Thereinafter. TdT buffer) containing «0mM sodium ^ j deoxynu^y. 

- -37*C f6r 2 hours. After treatment of the react.on m,xture by the LGT method, a . u ™ ^"l 1 
fcLth was recovered. Thus was obtained about 60 ug of poly(dT) cham-added pCDV1. This DNA > was 

o.igo(dA)-ceHu.ose column (Collaborative Research) chromatography ^JhSTw ^ 8 ^cl aining 1 mM 
Then, a linker DNA was prepared. 
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About 14 ug of pLI [Okayama & Berg: Mot. Cell. Biol., 3, 280 (1983)] was added to 200 ul of 10 mM 
Tris-HC! buffer (pH 7.5) containing 6 mM MgCI 2 and 50 mM INaCI and, after further addition of 50 units of 
Pstl, the mixture was incubated at 37 °C for 4 hours for cleavage of the pLI DNA at its Pstl site. After 
phenol-chloroform extraction of the reaction mixture, about 13 ug of Pstl-cleaved pL1 DNA was recovered 
s by ethanol precipitation. This DNA (about 13 ug) was added to 50 uTof TdT buffer containing dGTP in a 
final concentration of 0.25 mM and, after further addition of 54 units of TdT (P-L Biochemicals), the mixture 
was incubated at 37 C for 13 minutes, whereby an oligo(dG) chain (about 14-mer) was added to pLI at its 
Pstl cleavage site 3 terminus. Following phenol-chloroform extraction, DNA was recovered by ethanol 
precipitation. This DNA was added to 100 ul of 10 mM Tris-HCI buffer (pH 7.5) containing 6 mM MgCI 2 and 

70 60 mM NaCI and, after further addition of 80 units of Hindlll, the mixture was incubated at 37° C for 3 hours 
for cleavage of the pL1 DNA at the Hindlll site. The reaction mixture was fractionated by agarose gel 
electrophoresis and a DNA fragment of about 0.5 kb was recovered by the DEAE paper method [Dretzen et 
al.: Anal. Biochem., U2, 295 (1981)]. Thus was obtained an oligo(dG) chain-added linker DNA (hereinafter 
briefly referred to as "linker DNA"). 

is About 4 ug of the poly(A) RNA and about 1.4 ug of the vector primer, each prepared as mentioned 
above, were dissolved in 22.3 ul of a solution containing 50 mM Tris-HCI (pH 8.3), 8 mM MgCI 2l 30 mM 
KCI, 0.3 mM DTT, 2 mM each dNTP (dATP, dTTP, dGTP and dCTP) and 10 units of ribonuclease' inhibitor 
(P-L Biochemicals) and, after addition of 10 units of reverse transcriptase (Seikagaku Kogyo), the mixture 
was incubated at 41 C for 90 minutes for synthesis of a DNA complementary to the mRNA. The reaction 

20 mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, whereby the vector 
primer DNA with an RNA- DNA double strand added thereto was recovered. This DNA was dissolved in 20 
ul of TdT buffer containing 66 uM dCTP and 0.2 ug of poly(A) and, after addition of 14 units of TdT (P-L 
Biochemicals), the mixture was incubated at 37* C for 2 minutes for addition of an oligo(dC) chain (20-mer) 
to the cDNA 3 terminus. The reaction mixture was subjected to phenol-chloroform extraction and then to 

as ethanol precipitation, whereby the cDNA-vector primer DNA with the [dC) chain added was recovered This 
DNA was dissolved in 400 ul of 10 mM Tris-HCI (pH 7.5) containing 6 mM MgCI 2 and 60 mM NaCI. 20 
units of Hindlll was added, and the mixture was incubated at 37* C for 2 hours for cleavage at the Hindlll 
site. The reaction mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, 
whereby 0.5 picomole of a (dC) chain-added cDNA-vector primer DNA was obtained. A 0.2 picomole 

30 portion of this DNA and 0.4 picomole of the above-mentioned linker DNA were dissolved in 100 ul of 10 
mM Tris-HCI (pH 7.5) containing 0.1 M NaCI and 1 mM EDTA and the solution was incubated at 65 # C for 
10 minutes, then at 42 C for 25 minutes and further at 0 # C for 30 minutes. The solution was made up to 
1.000 ul so that the resultant solution contained 20 mM Tris-HCI (pH 7.5), 4 mM MgCI 2 , 10 mM (NH^SO^ 
0.1 M KCI and 0.1 mM 0-NAD. To the solution was added 25 units of Escherichia coli DNA ligase (New 

35 England BioLabs). The mixture was incubated at 11° C for 18 hours. After addition ofeach dNTP (40 uM) 
and 0-NAD (to a final concentration of 0.15 mM), followed by addition of 10 units of Escherichia coli DNA 
ligase, 20 units of Escherichia coli DNA polymerase I (P-L Biochemicals) and 10 units of Escherichia coli 
ribonuclease H (P-L Biochemicals), the resultant solution was incubated at 12* C for 1 hour and then~at 
25 C for 1 hour. The above reaction procedure caused cyclization of the cDNA-containing DNA and 

40 substitution of DNA for the RNA portion of the RNA-DNA double strand, giving a recombinant plasmid 
having a completely double-stranded DNA structure. 



(3) Selection of human t-PA cDNA-containing recombinant DNA: 

45 

Then, colony hybridization was performed and the t-PA cDNA was selected as a clone capable of 
associating with a 32 P-labeled synthetic DNA identical in base sequence with the base sequence of a part of 
the t-PA signal peptide region of human t-PA cDNA [Pennica et a!.: Nature, 301, 214 (1983)] namely 32 P- 
labeled 5 -ATGGATGCAATGAAGAGAGGGCTCTGCTGT-3', which was used~a£ a probe, in 'the following 
so manner. 

First, the recombinant plasmid obtained in (2) was used to tranform Escherichia coli C600 SF8 
[Cameron: Proc. Natl. Acad. Sci. USA, 72, 3416 (1975)] by the method of Hanahan [J. Mol.~Bk)l., 166, 557 
(1983)]. About 10.000 colonies obtained were immobilized on nitrocellulose filters by the method of 
Hanahan and Meselson [Methods in Enzymology. 100, 333 (1983)]. Prehybridization on each filter was 
55 performed in a solution containing 6 x NET [1 x NET = 150 mM NaCI, 15 mM Tris-HCI (pH 7.5), 1 mM 
EDTA], 10 x Denhardt solution and 100 Ug/ml of fragmented Escherichia coli chromosome DNA at 65* C for 
4 hours or longer. The above-mentioned 32 P-labeled probe was added to this prehybridization solution and 
allowed to associate with DNA on the filter (65 "C, 16 hours or longer). Then, the filter was washed twice 
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with 6 x SSC {1 x SSC = 150 mM NaCl, 15 mM sodium citrate) (room temperature, 5 minutes/washing), 
then washed with a solution containing 2 x SSC and 0.1% SDS at 65* C for 30 minutes, further washed with 
a solution containing 2 x SSC and 0.1% SDS at 65° C for 15 minutes and, finally, washed twice with 6 x 
SSC at room temperature (5 minutes/washing). The filter was air-dried and then subjected to autoradiog- 

s raphy for positive clone identification. The base sequence of the cDNA of a plasmid, ptPA7, carried by one 
positive clone thus identified was determined by the dideoxy sequencing method using Mi 3 phage and 
found to code for t-PA in complete agreement with the amino acid sequence of t-PA as reported by Pennica 
et al. [Nature, 3M, 214 (1983)] except for the substitution of GAT and ACC for the codon (GAC) for the 95th 
amino acid (asparagine) and the codon (ACA) for the 512th amino acid (threonine), respectively, in mature t- 

io PA. 

This bacterial strain has been deposited with the Fermentation Research Institute as Escherichia coii 
EtPA7 under the deposit number FERM BP-1467 in accordance with the Budapest Treaty. 



15 Reference Example 2 



Construction of human pro-UK cDNA-containing plasmid pUK1 : 

20 

The Detroit 562 cell cDNA library built up in Reference Example 1 was screened by the colony 
hybridization method and a human pro-UK cDNA clone was isolated. Thus, the recombinant plasmid 
obtained in Reference Example 1 was used to transform Escherichia coli C600 SF8 [Cameron: Proc. Natl. 
Acad. Sci. USA, 72, 3416 (1975)] by the method of Hanahan [J, Mol. Biol., 166, 557 (1983)]. About 30,000 

25 colonies obtained were immobilized on nitrocellulose filters by the method of Hanahan and Meseison 
[Methods in Enzymology, 100, 333 (1983)]. Prehybridization on each filter was performed in a solution 
containing 6 x NET, 10 x Denhardt solution and 100 ug/ml of fragmented Escherichia coli chromosome 
DNA at 65* C for 4 hours or longer. 

Then, a 32 P-labeled probe derived from a 41 -base synthetic DNA identical in base sequence with a 

30 portion of the kringle region of human pro-UK cDNA [Holmes et al.: Bio/Technology, 3, 923 (1985)], namely 
5-GGGAATGGTCACTTTTACCGAGGAAAGGCCAGCACTGACAC-3' (corresponding to the underlined base 
sequence shown in Fig. 5 for the human pro-UK cDNA isolated by the present inventors), was added to the 
above-mentioned prehybridization solution and allowed to associate with DNA on the filter (65* C. 16 hours 
or longer). Then, the filter was washed twice with 6 x SSC (room temperature, 5 minutes/washing), then 

35 washed with a solution containing 1 x SSC and 0.1% SDS at 57 *C for 30 minutes, further washed with a 
solution containing 1 x SSC and 0,1% SDS at 57* C for 15 minutes and, finally, washed twice with 6 x SSC 
(room temperature, 5 minutes/washing). The filter was air-dried and then subjected to autoradiography for 
positive clone identification. The base sequence of the cDNA of a plasmid, pUK1, carried by one positive 
clone thus identified was determined by the dideoxy sequencing method using M13 phage (Table 5). As a 

40 result, it was found that the cDNA of pUK1 codes for that part of the pro-UK translation region which is 
downstream from the 41 st (according to the numbering of amino acid residues of pro-UK as shown in Table 
5) amino acid (Cys) residue of Pro-UK, together with the 3-nontranslation region. The amino acid sequence 
of pro-UK encoded by the cDNA of pUK1 was in agreement with that reported by Holmes et al. 
[Bio/Technology, 3, 923 (1985)] except for the third base of each of the codons for the following four amino 

45 acids: 

254th amino acid Asn: AAC — AAT; 
340th amino acid Leu: CTA — CTG; 
345th amino acid Pro: CCC — CCA; and 
346th amino acid Gin: CAA — CAG. 

50 This bacterial strain has been deposited with the Fermentation Research Institute as Escherichia coli 
EUK1 under the deposit number FERM 8P-1463. 



Reference Example 3 

55 ~ 



Construction of human pro-UK cDNA-containing plasmid pUK11: 

41 
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Since the pro-UK cDNA encoded by the plasmid pUK1 obtained in Reference Example 2 does not 
contain the pro-UK signal region and growth factor domain region, a cDNA containing these regions was 
cloned following the procedure shown below. 

First, a vector, pCCK2, for use in cloning the cDNA was constructed in the following manner. 

5 

(1) Construction of recombinant plasmid pCCK1: 

The Escherichia coli HB101 strain harboring the plasmid pRC19 t containing a rat brain cholecystokinin 
io (CCK) precursor cDNA, constructed by Kuwano et al. [J. Biochem., 96, 923-926 (1984)] was grown and the 
pRC19 DNA was prepared from cultured cells by the conventional method. About 3 ug of the pRC19 DNA 
obtained was dissolved in 30 ul of Y-50 buffer, 1 unit of Pvull was added, and digestion was conducted at 
37° C for 1 hour. This digestion reaction resulted in partial digestion of the DNA with Pvull. After 10-minute 
heat treatment at 65° C, a DNA fragment about 530 bp in size was purified by the AFTmethod. Separately, 
75 about 1 ug of the plasmid DNA pUC19 constructed by Norrander et al. [Norrander, J. ct al.: Gene, 26, 101 
(1983); the pUC19 plasmid DNA is available from Takara Shuzo] was dissolved in 30 ul of Y-0~buffer 
containing 20 mM KCI, 16 units of Sma l was added, and digestion was carried out at 30° C for 2 hours. 
After 10-minute heat treatment at 65 C, a DNA fragment about 2.7 kb in size was purified by the AFT 
method. 

20 The thus-obtained, pRC19-derived 530-bp DNA fragment (about 0.01 ug) and pUC19-derived 2.7 kb 
DNA fragment (about 0.05 ug) were dissolved in 20 ul of T4 ligase buffer and, after addition of 200 units of 
T4 DNA ligase, ligation was conducted at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 
resistant strains. The plasmid DNA isolated from one of the transformants was name"dpCCK1 and structural 

25 analysis with restriction enzymes confirmed that the DNA had the desired structure (cf. Fig. 15). 



(2) Construction of recombinant plasmid pCCK2: 

30 About 2 ug of the pCCK1 plasmid obtained in the above manner was dissolved in 30 ul of Y-0 buffer, 
12 units of Sacl was added, and digestion was conducted at 37* C for 2 hours. Further, 1.5 ul of 2 M NaCI 
and 10 units of Bam HI were added and digestion was performed at 37° C for 2 hours. After 10-minute heat 
treatment at 65 C, a DNA fragment about 0.55 kb in size was purified by the AFT method. Separately, 
about 2 ug of the pTrS33 plasmid obtained in Reference Example 5 was subjected to the same reaction as 

35 mentioned above and the resulting Sacl-BamHI fragment about 2.85 kb in size was purified by the AFT 
method. 

The thus-obtained, pCCKl -derived 0.55 kb DNA fragment (about 0.02 ug) and pTrS33-derived 2.85 kb 
DNA fragment (about 0.1 ug) were dissolved in 20 ul of T4 ligase buffer, 50 units of T4 DNA ligase was 
added, and ligation was conducted at 4* C for 18 hours. 
40 The recombinant plasmid mixture obtained was used to transform Eacherichia coli MM294 and Ap- 
resistant strains were obtained. A plasmid DNA, pCCK2, was isolated from one of theseTansformant strains 
and subjected to structural analysis with restriction enzymes, whereby it was confirmed that said plasmid 
DNA had the desired structure (cf. Fig. 16). 

45 

(3) Isolation of plasmid pUK11 carrying human pro-UK cDNA: 

About 8 ug of the Detroit 562 cell-derived poiy(A) RNA (mRNA) prepared in Reference Example 1 
[dissolved in 7 ul of 10 mM Tris-HCI (pH 7.5) containing 0.5 mM EDTA] was heated at 65 * C for 10 minutes 

50 and then cooled rapidly on ice. This solution was adjusted to a final volume of 80 ul such that the final 
solution contained 50 mM Tris-HCI (pH 8.3), 8 mM MgCI 2) 30 mM KCI, 5 mM DTT, 1 mM each dNTP 
(dATP, dTTp, dGTP, dCTP), 10 units of ribonuclease inhibitor (P-L Biochemicals) and 5 ug/ml oligo(dT)- 
i2-i8 (Collaborative). The resultant solution was incubated at 41* C for 15 minutes. Then, 20 units of 
reverse transcriptase (Seikagaku Kogyo) was added and incubation was performed at 41* C for 90 minutes 

55 for the synthesis of a cDNA complementary to the mRNA. The reaction mixture was subjected to phenol- 
chloroform extraction and then to ethanol precipitation. The precipitate was dissolved in 40 ul of 0.3 M 
NaOH and the solution was allowed to stand at 37 # C for 15 minutes for hydrolyzing the mRNA. After 
neutralization by addition of 10 ul of 1 M Tris-HCI (pH 7.5) and 40 ul of 0.3 N HCI, the resultant single- 
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r T^C-" T^^V^^r^Z^ tSd'and — was 
Conducted xX^JT^Ttor converting the single-strand cDNA to the corr^porjno doubfc- 
stranded cDNA. The reaction mixture was subjected to phenol-chloroform e^ct, OT and then to ethano 
pSSation. The precipitate was dissolved in 30 U. of Y-0 buffer conta^e , 25 mM NaO f n 25 unrts of 
BssHII (New England BioLabs) was added, and digestion was earned out at 50 C for 2 I tours. T hen 1 25 u 
oT2 M NaCI and 12 units of BamHI was added and further digestion was conducted at ^37 C or Zhou £ 
After 10-minute heat treatment* 65° C, a mixture of cDNA fragments about 1.1 to 1.4 kb m s, Z e was 

'^^07^ of the PCCK2 plasmid DNA obtained as mentioned above was ^eaved with 
bJS^^V^ manner as mentioned above and a BssHM-BamH. fragment about 2.9 kb ,n 

5iZ ^:Z^2^^lom fragment mixture (about 0.02 utf and pCCK2-derived i 29 kb DNA 
^l^TSSui) werfdissdved in 20 * of T4 ligase buffer. 200 units of T4 DNA Ugase was 

^hetc^^^ to transform E^hfc coH C600 SPe^Arnong 

about 25 OOoCesistant strains obtained, about 1,000 positive clones 

in agreement with those reported by Holmes et al. [B.o/Technology. 3. 923 (1985)]. 



30 



Reference Example 4 



35 



40 



4$ 



50 



55 



Construction of hG-CSF cDNA-carrying plasmids pCSF1-2 and pCSF2: 

(1) Preparation of poly(A) RNA from normal human peripheral blood macrophages: 

Leukocytes obtained from normal human peripheral blood by centrifugation were cultured I in a plastic 

y»'p B lTT£VioInZ this suspension was layered on 25 m. of lymphocyte separating solufcon 
Lne«cs aid celugatL was performed at 1.800 rpm for 30 minutes using a Hitachi WRW«*r. T£ 

SSTwSri. ^was recovered, and the *^™^J$JS SS medtm (Nissui 
i1 500 ram 10 minutes, Hitachi RPR10 rotor), suspended in 20 ml of RPMI 1640 me™ ' «* 
Phanmace^icaO containing 5°/. fetal bovine serum and cultured in a flask for tissue culture (Coming). After 
?5 Z's rclvaSon at 37' C. the culture supernatant was removed together with nonad li^o*M« 
Idd^n o, a fS 20-ml portion of the same medium and Escherichia 
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RPR10 rotor. The RNA sediment was suspended in 50 mi of a solution containing 4 M urea and 2 M lithium 
chloride and RNA was again recovered by centrifugation (9,000 rpm, 60 minutes, Hitachi RPR10 rotor). 

The RNA sediment was dissolved in 10 ml of 10 mM Tris-HCI (pH 7.5) containing 0.1% sodium lauryl 
sulfate and 1 mM EDTA and, after phenol-chloroform extraction, RNA was recovered by ethanol precipita- 
5 tion. The RNA obtained (about 0.8 mg) was dissolved in 1 ml of Tris-HCI (pH 8.0) containing 1 mM EDTA. 
After 5-minute incubation at 65 - C, 0.1 ml of 5 M NaCI was added. The mixture was subjected to 
chromatography on an oligo(dT)-cellulose column (P-L Biochemicals) (column volume 0.5 mi). Elution of 
adsorbed, poly(A)-containing mRNA with 10 mM Tris-HCI (pH 7.5) containing 1 mM EDTA gave about 30 
ug of poly(A)-containing mRNA. 



(2) Synthesis of cDNA and insertion of the cDNA into vector: 

Following the Okayama-Berg method [Mol. Cell. Biol., 2, 161 (1982)], cDNA synthesis was performed 

75 and a plasmid was constructed with the synthesized cDNA inserted therein. The processes therefor are 
schematically illustrated in Fig. 14, 

About 3 ug of the poly (A) RNA prepared as mentioned above and about 1.4 ug of the vector primer 
were dissolved in 22.3 ul of 50 mM Tris-HCI (pH 8.3) containing 8 mM MgCl 2 , 30 mM KCI, 0.3 mM DTT, 2 
mM each dNTP (dATP. dTTp, dGTP, dCTP) and 10 units of ribonuclease inhibitor (P-L Biochemicals) and, 

20 after addition of 10 units of reverse transcriptase, incubation was carried out at 41 " C for 90 minutes for the 
synthesis of DNA complementary to the mRNA. The reaction mixture was subjected to phenol-chloroform 
extraction and then to ethanol precipitation, whereby the vector primer DNA with an RNA-DNA double 
strand added thereto was recovered. This DNA was dissolved in 20 ul of TdT buffer containing 66 uM 
dCTP and 0.2 ug of poly(A) and, after addition of 14 units of TdT (P-L Biochemicals), incubation was 

25 conducted at 37° C for 2 minutes for addition of an oligo(dC) chain (about 20-mer) to the 3 terminus of the 
cDNA. The reaction mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, 
whereby the cDNA-vector primer DNA with the (dC) chain added thereto was recovered. This DNA was 
dissolved in 400 ul of 10 mM Tris-HCI (pH 7.5) containing 6 mM MgCI 2 and 60 mM NaCI and, after addition 
of 20 units of Hindlll, incubation was performed at 37 "C for 2 hours for cleavage at the Hindlll site. The 

36 reaction mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation to give 0.5 
picomole of a (dC) chain-added cDNA-vector primer DNA. A 0.2-picomole portion of the DNA and 0.4 
picomole of the above-mentioned linker DNA were dissolved in 100 ul of 10 mM Tris-HCI (pH 7.5) 
containing 0.1 M NaCI and 1 mM EDTA and the solution was incubated at 65 °C for 10 minutes, then at 
42° C for 25 minutes and finally at 0° C for 30 minutes. The reaction mixture was adjusted to a final volume 

35 of 1,000 ul such that the final solution contained 20 mM Tris-HCI (pH 7.5), 4 mM MgCfe, 10 mM (NH4)- 
2SO4.. 0.1 M KCI and 0.1 mM £-NAD. To this reaction mixture was added 25 units of Escherichia coli- 
derived DNA ligase (New England BioLabs). Incubation was conducted at 11 " C for 18 hours. The reaction 
mixture was supplemented with each dNTP (40 UM) and jS-NAD (to a final concentration of 0.15 mM) and, 
after addition of 10 units of Escherichia coli-derived DNA ligase, 20 units of Escherichia coli-derived DNA 

40 polymerase I (P-L Biochemicals) and 10 units of Escherichia coli-derived ribonuclease H (P-L Biochem- 
icals), incubation was carried out at 12° C for 1 hour and then at~25" C for 1 hour. The reactions mentioned 
above resulted in circularization of the cDNA-containing recombinant DNA and DNA substitution for the 
RNA portion of the RNA-DNA double strand to give a completely double-stranded recombinant plasmid. 

45 

(3) Selection of hG-CSF cDNA-containing recombinant DNA: 

The recombinant plasmid obtained as described above in (2) was used to transform Escherichia coli 
C600 SF8 by the method of Scott et al. [K. Shigesada: Saibo Kogaku (Cell Technology) ( 2, 616 (1983)]. 

50 About 9,200 colonies obtained were fixed on nitrocellulose filters. Two strains capable of strongly hybridiz- 
ing at 60* C with the 32 P-labeled probe prepared by labeling of a synthetic 27-base DNA 
5'-ACCCCCCTGGGCCCTGCCAGCTCCCTG-3' corresponding to the N-terminal nine amino acids of the 
. mature hG-CSF protein isolated by Nagata et al. [Nature, 319, 415 (1986)] were selected by the Grunstein- 
Hogness method Proc, Natl. Acad. Sci. USA, 72, 3961 (1975)]. The whole base sequence of the cDNA in 

55 the plasmids pCSF1-2 and pCSF2 harbored by these strains was determined by the dideoxy s quencing 
method using M13 phage. As a result, the cDNA contained in pCSFl-2 and pCSF2 was found to be one 
coding for hG-CSF. A microorganism harboring the plasmid pCSF1-2 and a microorganism harboring the 
plasmid pCSF2 have been deposited with the Fermentation Research Institute under the designations of 

44 

BNSDOCID: <EP 03702O5A2_l_> 



EP 0 370 205 A2 



10 



Escherichia coli ECSF1-2 (deposit number FERM BP- 1220) and Escherichia coli ECSF2 (deposit number 
FERM BP-2073) in accordance with the Budapest Treaty. 



Reference Example 5 



Construction of recombinant piasmid pTrS33: 



(1) Construction of ATG vector pTrS20: 



75 



20 



25 



30 



An ATG vector, pTrS20, containing the SD sequence and ATG initiation codon separated from each 
other by 14 bases and having a Sacl site immediately behind the ATG codon was constructed by the 
process shown in Fig. 18. 

First, 3 ug of pKYPlO prepared by the method described in J P-A-58- 110600 or U.S. Patent 4,686,191 
was dissolved in 30 ul of Y-100 buffer, 6 units each of the restriction enzymes Ban III and Nrul (new England 
BioLabs) were added, and cleavage was effected at 37* C for 3 hours. About 0.5 ug of a Ptrp-containing 
DNA fragment about 3.8 kb in size ( Ban lll-Nrul fragment) was recovered from the reaction mixture by the 
LGT method. 

Separately, for providing an ATG initiation codon downstream from Ptrp, the following DNA linker was 
synthesized by the phosphotriester method: 



Banffi 



Hindi 



5'- 



C G 



JLsJl 



Sac I 



3'- 



A T A IA GCT TATGAGCT 
T A T T C G A|A T A C TCGA 



C G 
G C 



ru I 

- 3' (19-mer) 

- 5' (17-mer) 



The synthetic 19-mer and 17-mer DNAs (each 10 picomoles) were dissolved in a total volume of 20 ul of 
35 50 mM Tris-HC! (pH 7.5) containing 10 mM MgCI 2) 5 mM dithiothreitol, 0.1 mM EDTA and 1 mM ATP, 3 
units of T4 poty nucleotide kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37* C 
for 60 minutes. 

Then 0.1 ug of the pKYP-10-derived Banlll-Nrul fragment (about 3.8 kb) obtained as described above 
and about 0.5 picomole of the above DNA linker were dissolved in 20 ul of T4 ligase buffer. 2 units of T4 
40 DNA ligase was further added, and ligation was performed at 4° C for 18 hours. 

The thus-obtained recombinant piasmid mixture was used to transform Escherichia coli HB101 [Bolivar 
et al.: Gene, 2, 75 (1977)] and Ap r colonies were obtained. One of these colonies was cultured and the 
piasmid DNA "was recovered from cultured cells. The structure of the piasmid obtained was confirmed by 
agarose gel electrophoresis following cleavage with the restriction enzymes EcoRI, Banltl, Hindlll, Sac l and 
45 Nrul. This piasmid was named pTrS20 (Fig. 18). The base sequence in the vicinity of the Ban I II and Hindlll 
sites of pTrS20 was confirmed by the dideoxy sequencing method using M13 phage to be as folows: 



50 



SD 

sequence 



Un lll jLuLdHI Sac 



Tftt GTAT 



UJ^ATA 



MHJ ATG AM 



1 
CG 



ill 
CGA 



55 



(2) Construction of pTrS33: 
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About 3 ug of the pTrS20 plasmid DNA obtained as mentioned above was dissolved in 30 ul of Y-0 
buffer, 12 units of Sacl was added, and digestion was carried out at 37° C for 2 hours. Then, 1.5 ul of 2 M 
NaCI and 10 units of Pstl were further added and digestion was effected at 37° C for 2 hours. After 10- 
minute heat treatment at 65 °C, a DNA fragment about 1.15 kb in size was purified by the AFT method. 

5 Separately, 2 ug of pKYP26 prepared by the method described in JP-A-62-48699 corresponding to EP-A-0 
214 555 [a pKYP26-carrying strain of Escherichia coli has been deposited with the Fermentation Research 
Institute under the designation Escherichia coli 1KYP26 (deposit number FERM BP-863) in accordance with 
the Budapest Treaty] was dissolved in 30 ul of Y-100 buffer, 8 units of Pstl and 10 units of Bam HI were 
added, and digestion was effected at 37* C for 2 hours. After 10-minute heat treatment at 65 C, a DNA 

to fragment about 1.7 kb in size was purified by the AFT method. Further, separately, 2 ug of the 
M13mpl8RF DNA [Norrander, J. et al.: Gene, 26, 101 (1983); the M13mp18RF DNA was obtained from 
Takara Shuzo] was dissolved in 30 al of Y-0 buffer, 10 units of Sacl was added, and digestion was 
conducted at 37 *C for 2 hours. After addition of 1.5 ul of 1 M NaCI and 10 units of Clal, digestion was 
further carried out at 37* C for 2 hours. After 10-minute heat treatment at 65° C t a DNA fragment about 0.65 

is kb in size was purified by the AFT method. Separately from these, the two synthetic DNAs (43 bases and 
45 bases) shown below were synthesized using an Applied Biosystems model 380A DNA synthesizer and 
individually subjected to 5-phosphorylation by the method mentioned above. 

(43 bases) 

5 1 -CGATAAGCTTATGATATCCAACGTCGACGACGGCGTCGAACCATGGCCG-3 ' 

3 ' -TATTCGAATACTATAGGTTGCAGCTGCTGCCGCAGCTTGGTACCGGCCTAG-5 1 

(45 bases) 

The thus-obtained pTrS20-derived 1.15 kb DNA fragment (about 0.1 ug), pKYP26-derived 1.7 kb DNA 
fragment (about 0.1 ug), M13mp18-derived 0.65 kb DNA fragment (about 0.05 ug) and s'-phosphorylated 
synthetic DNAs (each 1 picomole) were dissolved in 20 ul of T4 ligase buffer, 50 units of T4 DNA ligase 
was added, and ligation was carried out at 4* C for 18 hours. 

The thus-obtained recombinant plasmid mixture was used to transform Escherichia coli MM294. The 
plasmid pTrS33 was isolated from one of the Ap-resistant transformant strains obtained. Structural analysis 
by restriction enzyme digestion and sequencing by the dideoxy method confirmed that pTrS33 had the 
desired structure (cf. Fig. 19). 



Reference Example 6 



Construction of plasmid pTerm2: 



About 2 ug of the pKYP26 plasmid DNA (JP-A-62-48699) was dissolved in 30 ul of 10 mM Tris-HCI (pH 
8.0) containing 75 mM NaCI, 7 mM MgCb and 6 mM 2-mercaptoethanol, 16 units of Asp718 (Boehringer 
Mannheim) and 10 units of Pstl were added, and digestion was effected at 37 *C for 2 hours. After 10- 
minute heat treatment at 65 C, a DNA fragment about 1 .7 kb in size was purified by the AFT method. 
Separately, about 2 ug of the pTrS20 plasmid DNA obtained as described in Reference Example 5-(1) was 
dissolved in 30 ul of Y-100 buffer, 8 units of Pstl and 10 units of Nrul (Boehringer Mannheim) were added, 
and digestion was carried out at 37 *C for 2 hours. After 10-minute heat treatment at 65* C, a DNA fragment 
about 1.5 kb in size was purified by the AFT method. Further, separately, the two synthetic DNAs (19 bases 
and 23 bases) shown in Fig. 20 were synthesized using an Applied Biosystems model 380A DNA 
synthesizer and individually subjected to 5'-phosphorylation by the method mentioned above. 

The thus-obtained pKYP26-derived 1.7Kb DNA fragment (about 0.1 ug), pTrS20-derived 1.15 Kb DNA 
fragment and two 5'-pho$phoryiated synthetic DNAs (each 1 picomole) were dissolved in 20 ul of T4 ligase 
buffer, 50 units of T4 DNA ligase was added, and ligation was carried out at 4' C for 18 hours. 

The recombinant plasmid mixtur obtained was used to transform Escherichia coli MM294 to give Ap- 
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x > ■ tv-^ r-^cmiH r>NA isolated from one of the transformants and named pTerm2 was 
It was confirmed that P Term2 had the desired structure (cf. Fig. 20). 



10 



Reference Example 7 



Construction of recombinant plasmid pTSF10: 



75 



20 



25 



From cultured cells of Escherichia coli C600 SF8 harboring the human t-PA cDNA-contammg plasm-d 
niPA7 obtainedln Referen ce Example Vthere was prepared the ptPA7 DNA by the conventual method. 

f ToUUe X^moZm6 was dissolved in 30 ul of Y-100 buffer, 8 units of the restnct.on 
enzyme Bg.ll Us added and digestion was effected at 37* C for 2 hours. After 10-minute heat t«dm«fl at 
6? C a^ATragment about 2.0 kb in size was purified by the AFT method. Separately, about 2 ug of the 
nTrS33 DNA RefTrence Example 5) was dissolved in 30 ul of Y-100 buffer, 10 units of the restr.ct.on 
Sme B N amH? tTS£ an'd digest was carried out at 37 ' C for Jho^* 10-m.nute heat 
treatment"*^ C, a DNA fragment about 2.8 kb in size was purified by the AFT method 

Ce thus-obtained P tPA7 derived 2.0 kb DNA fragment (about 0.1 ug) and-pTrS33-denved 2.8 kb DNA 
fragment (Lufo.Tug) were dissolved in a tota. yo.ume of 20 ul of T4 ligase buffer. 50 unrts of T4 DNA 

r^ssrja ***** «* s 

resisiant sS The plasmid DNA isolated from one of the transformants was named pTSFlO and 
Analysis by restriction enzyme digestion. It was confirmed that th,s p.a S m,d had the 

desired structure (cf. Fig. 21). 



30 



35 



Reference Example 8 



Construction of recombinant plasmid pTA4: 



About 3 ug of the pTSFlO plasmid DNA obtained in Reference Example 7 was delved in 30 ul of Y- 
n h.rftar 1? ..nits of the restriction enzyme Kpnl was added, and digest.cn was effected at 37 C for 2 
houf Then Tu. ^3 M nS and 12 units ITthe restriction enzyme BstEl. (New England BioLabs , were 
40 aS and digeston was further conducted at «f C for 2 hours. Thereafter, a DNA fragment about 0.3 kb 

in ^^t£^rtt£* (deposited with the Fermentation Research Institute under the 
Separately ^cnencna rf (Jp . A ^ 0 . 221091 or EP . A . 0 152 

613?wa ^ Prepared ^SS^CS conventional method. About 2 ug of the pGHA2 DNA obtained 
^«oiJ!fin 30 To^ Y-100 buffer. 8 units of Pstl and 8 units of Bglll were added, and d.gestion was 
" 7eZ *Tc £ 2 hou's lr 10-minute heat fitment at 65' C. .T*A fragment about 0.75 kb ,„ s,ze 

"^^aSeri^Tg^the ptPA7 DNA (Reference Example 1) was dissolved in 30 ul of Y- 150 
buffer 10 unite c^Bg I. was added, and digestion was effected at 37* C for 2 hours. Then 12 un,ts of BstEH 
so warded td Son was further conducted at 60" C for 2 hours. foNowed by punfcaton of a DNA 

55 followed by purification of a DNA fragment about 1 .7 kb in size using the AFT method. 

55 followed °V P" ts (fj 03 ag of tne pTSFIO-derived fragment. 0*5 ug of the 
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was carried out at 4 ° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coii MM294 to give Ap- 
resistant strains. The plasmid DNA isolated from one of these transformants was named pTA4 and 
subjected to structural analysis by restriction enzyme digestion. It was confirmed that pTA4 had the desired 
5 structure (cf. Fig. 22). 



Reference Example 9 

70 

Construction of t-PA expression plasmid pSE1PA1SEldhfr1-9A: 



75 (1) Construction of recombinant plasmid pAGE105M: 

Escherichia coli HB101 harboring the plasmid pAGE28 constructed by the present inventors [Mizukami 
et al.: J. Biochem.. 101 , 1307-1310 (1987)] was cultured and the pAGE28 DNA was prepared from cultured 
cells by the conventional method. About 2 ug of the pAGE28 DNA obtained was dissolved in 30 ul of Y-100 

20 buffer, 8 units of Xhoi and 12 units of Seal were added, and digestion was effected at 37* C for 2 hours. 
After 10-minute heat treatment at 65° C, a DNA fragment about 2.8 kb in size was purified by the AFT 
method. Separately, Escherichia coli HB101 harboring the plasmid pAGE103 constructed by the present 
inventors [Mizukami at ai.: J. Biochem., 101^ 1307-1310 (1987); FERM BP-1312] was cultured and the 
pAGE103 DNA was prepared from cultured cells by the conventional method. About 3ug of the pAGE103 

25 DNA obtained was dissolved in 30 ul of Y-100 buffer, 10 units of Eco RI was added, and digestion was 
conducted at 37 *C for 2 hours. A DNA fragment was recovered by ethanol precipitation following phenol- 
chloroform extraction. This DNA fragment was dissolved in a total volume of 40 ul of polymerase buffer, 6 
units of the Klenow fragment was added, and reaction was carried out at 15* C for 1 hour, whereby the 
Eco RI cohesive ends were converted to blunt ends. The reaction was terminated by phenol-chloroform 

30 extraction, the DNA fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in 
30 ul of Y-100 buffer, 12 units of Xho l was added, and digestion was performed at 37* C for 2 hours. After 
10-minute heat treatment at 65" C. a DNA fragment about 0.4 kb in size was purified by the AFT method. 
Furthermore, Escherichia coli HB 101 harboring the plasmid pKCR constructed by O'Hara et al. [Proc. Natl. 
Acad. Sci. USA, 78, 1527 "(1981 )] was cultured and the pKCR DNA was prepared from cultured cells by the 

35 conventional method. About 2 ug of the pKCR DNA obtained was dissolved in 30 Ul of Y-150 buffer, 12 
units of BamHI and 16 units of Sail were added, and digestion was carried out at 37 *C for 2 hours. After 
phenol-chloroform extraction, a DNA fragment was recovered by ethanol precipitation. This DNA fragment 
was dissolved in a total volume of 40 ul of polymerase buffer, 6 units of the Klenow fragment was added, 
and reaction was carried out at 15° C for 1 hour, whereby the Bam HI cohesive end and Sail cohesive end 

40 were converted each to a blunt end. After 10-minute heat treatment at 65 * C t a DNA fragment about 1 .85 kb 
in size was purified by the AFT method. 

The thus-obtained pAGE28-derived 2.8 kb DNA fragment (about 0.05 ug), pAGE103-derived 0.4 kb 
DNA fragment (about 0.03 ug) and pKCR-derived 1 .85 kb DNA fragment (about 0.2 ug) were dissolved in 
20 ul of T4 ligase buffer, 300 units of T4 DNA ligase was added, and ligation was carried out at 4* C for 18 

45 hours. 

The thus-obtained recombinant plasmid mixture was used to transform Escherichia coli MM294 and 
kanamycin (hereinafter briefly referred to as Km)-resistant strains. The plasmid isolated from one of these 
transformant strains was named pAGE105M and subjected to structural analysis by restriction enzyme 
digestion. It was confirmed that pAGElOSM had the desired structure (cf. Fig. 23). 

so 

(2) Construction of recombinant plasmid pAGE1 06: 

About 2 ug of the pAGE105M DNA obtained as described above was dissolved in 30 ul of Y-100 
55 buffer, 12 units of Sea l was added, and digestion was carried out at 37* C for 2 hours. After 10-minute heat 
treatment at 65° C, a DNA fragment about 5.0 kb in size was purified by the AFT method. Separately, a 5'- 
phosphorylated Eco RI linker was prepared in the same manner as in Example 1 . 

The thus-obtained pAGElOSM-derived 5.0 kb DNA fragment (about 0.1 ug) and 1 picomole of the 5 - 

48 

BNSDOCID: <EP 0370205A2J. > 



EP 0 370 205 A2 



phosphorylated EcoRI linker were dissolved in 20 ul of T4 ligase buffer, 100 units of T4 DNA ligase was 
added, and ligation was carried out at 4° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Km- 
resistant strains were obtained. The plasmid DNA isolated from one of these transformant strains was 
5 named pAGE106. Structural analysis by restriction enzyme digestion confirmed that pAGE106 had the 
desired structure (cf. Fig. 24.)* 



10 



75 



20 



(3) Construction of t-PA expression plasmid pSE1PA1-5: 

About 2 ug of the pAGE106 DNA obtained as described above was dissolved in 30 ul of Y-0 buffer, 12 
units of Kpnl was added, and digestion was conducted at 37* C for 2 hours. Then, 1.5 Ul of 2 M NaCI and 
10 units "o TBam HI were added and digestion was further carried out at 37* C for 2 hours. After 10-minute 
heat treatment at 65° C, a DNA fragment about 5.0 kb in size was purified by the AFT method. Separately, 
about 3 ug of the ptPA7 plasmid DNA obtained in Reference Example 1 was dissolved in 30 ul of Y-0 
buffer containing 75 mM NaCI, 12 units of Fok) and 12 units of Eco RI were added, and digestion was 
effected at 37* C for 2 hours..After 10-minute heat treatment at 65* C, a DNA fragment about 0*7 kb in size 
was purified by the AFT method. Furthermore, the following two synthetic DNAs (21 bases and 21 bases) 
were synthesized using an Applied Biosystems model 380A DNA synthesizer and individually 5 - 
phosphorylated by the method mentioned in Example 1 . 



2S 



30 



35 



5' — GATCCATGGATGCAATGAAGA — 3' (21 bases) 

3'-GTACCTACGTTACTTCTCTCC - 5' (21 bases) 

The thus-obtained pAGE106-derived 5.0 kb DNA fragment (about 0.1 ug) and ptPA7-derived 0.7 kb 
DNA fragment (about 0.1 ug) as well as the pTA4-derived 1.4 kb EcoRI-Kpnl fragment (about 0.05 ug) 
prepared in Reference Example 8 and the two 5 -phosphorylated synthetic DNAs obtained as described 
above (each 1 picomote) were dissolved in 20 ul of T4 ligase buffer, 50 units of T4 DNA ligase was added, 
and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Km- 
resistant strains were obtained. The plasmid DNA isolated from one of these transformant strains was 
named pSE1PAi-5. Structural analysis by restriction enzyme digestion as well as sequencing by the 
dideoxy method using M13 phage confirmed that pSElPA1-5 had the desired structure (cf. Fig. 25). 



(4) Construction of t-PA expression plasmid pSE1PA1-9: 

About 2 ug of the pSE1PA1-5 DNA obtained as described above was dissolved in 30 ul of Y-0 buffer, 
12 units of Kpnl was added, and digestion was carried out at 37* C for 2 hours. Then, after addition of 1.5 
ul of 2 M NaCI and 8 units of Hindlll, further digestion was carried out at 37* C for 2 hours. After 10-minute 
heat treatment at 65" C, a DNA fragment about 5.0 kb in size was purified by the AFT method. Separately, 
about 2 ug of the pSE1PA1-5 DNA was dissolved in 30 ul of Y-0 buffer, 12 units of Kpnl was added, and 
digestion was effected at 37* C for 2 hours. Then, 1.0 ul of 2 M NaCI and 10 units of Ncol were added and 
further digestion was effected at 37* C for 2 hours. After 10-minute heat treatment at 65 C, a DNA fragment 
about 4.9 kb in size was purified by the AFT method. Furthermore, the following four synthetic DNAs (47 
bases, 49 bases, 49 bases and 47 bases; these synthetic DNAs constitute a part of 5-nontranslational 
region of the t-PA cDNA) were synthesized using an Applied Biosystems model 380A DNA synthesizer and 
individually 5 '-phosphorylated in the same manner as mentioned in Example 1 . 



55 
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(47 bases) 

5'-AGCTTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCG- 3' 

3^-ACTCTAGGATGTCCTCAGGTCCCGACCTCTCTTTTGGAGACGCTCCTTT- 5' 
5 (49 bases) 

(49 bases) _ 

S'-AGGAAAGGGAAGGAGCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAAT- 3' 

3--CCCTTCCTCGTTCGGCACTTAAATTCCCTGCGACACTTCGTTAGTAC-5' 

(47 bases) 

The thus-obtained pSE1PAl-5-derived 5.0 kb DNA fragment (about 0.1 tig) and pSE1PA1-5-derived 4 9 
^ Kb DNA fragment (about 0.1 ug) as well as the four 5'-phosphorylated synthetic DNAs (each 1 picomole) 
were dissolved in 20 ul of T4 ligase buffer, 50 units of T4 DNA ligase was added, and ligation was carried 
out at 4 C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Km- 
resistant strains. The plasmid DNA isolated from one of these transformant strains wis named pSE1PA1-9. 
3Q Structural analysis by restriction enzyme digestion and sequencing by the dideoxy method using M13 
phage confirmed that pSEiPAi-9 had the desired structure (cf. Fig. 26). 



(5) Construction of recombinant plasmid pUCl9H (rendering Ap resistance gene portable): 

Escherichia coli HB101 harboring the plasmid DNA pUC19 constructed by Norrander et a!. [Norrander 
J. et al.: Gene, 26, 101 (1983); the pUC19 plasmid DNA is available from Takara Shuzo] was cultured and 
the pUC19 DNA was prepared from cultured cells by the conventional method. About 2 ug of the pUC19 
DNA obtained was dissolved in 30 ul of Y-50 buffer, 10 units of Hindlll and 1 unit of Oral were added, and 
digestion was performed at 37* C for 1 hour. This reaction resulted in complete digestion with Hindlll and 
partial digestion with Dral. After 10-minute heat treatment at 65 *C, two DNA fragments. namefyT Hindlll- 
Dral fragment about 1.55 kb in size and a Dral-Hindlll fragment about 1.1 kb in size, were purified by the 
AFT method. Separately, 20 picomoles of a Hindlll linker (CAAGCTTG; Collaborative Research) was 5'- 
phosphorylated by the method mentioned in Example 1 . 

The thus-obtained pUCl9-derived 1.55 kb DNA fragment (0.03 ug) and 1.1 kb DNA fragment (0.03 ug) 
were dissolved, together with 1 picomole of the 5'-phosphorylated Hindlll linker, in 20 ul of T4 ligase buffer. 
50 units of T4 DNA ligase was added, and ligation was carried out at 4" C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 
resistant strains were obtained. The plasmid DNA isolated from one of these transients was named 
PUC19H. Structural analysis by restriction enzyme digestion confirmed that pUCl9H had the desired 
structure (cf. Fig. 27). 



(6) Construction of recombinant plasmid pSE1PA1-9A (insertion of Ap resistance gene into pSE1PA1-9): 

About 2 ug of the pUCl9H plasmid DNA obtained as described above was dissolved in 30 ul of Y-50 
buffer, 8 units of Hindlll and 8 units of Pyull were added, and digestion was conducted at 37* C for 2 hours. 
Following phenol-chloroform exatraction, a DNA fragment was recovered by ethanol precipitation. This DNA 
fragment was dissolved in a total volume of 40 ul of polymerase buffer, 6 units of the Klenow fragment was 
added, and reaction was carried out at 15* C for 1 hour for conversion of the Hindlll cohesive end to a blunt 
end. After 10-minute heat treatment at 65* C, a DNA fragment about 1.4 kb inlTze was purified by the AFT 
method. Separately, about 2 ug of the t-PA expression plasmid pSE1PA1-9 obtained as described above 
was dissolved jn 30 ul of Y-150 buffer, 8 units of Xhol and 8 units of EcoRV were added, and digestion was 
effected at 37 C for 2 hours. After 10-minute heat treatment at 65* C, a DNA fragment about 5.9 kb in size 
was purified by the AFT method. Further, separately, about 3 ug of the pAGE28 plasmid prepared as 
described above was dissolved in 30 ul of Y-150 buffer, 10 units of Xhol and 10 units of EcoRV were 
added, and digestion was carried out at 37* C for 2 hours. After 10-minuteheat treatment at 6Tc, a DNA 
fragment about 0.85 kb in size was purified by the AFT method. 

The thus-obtained pUCl9H-derived 1.4 kb DNA fragment (about 0.1 ug), pSE1PA1-9-derived 5.9 kb 
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*,u * n 1 ..»\ m H nAGE28-derived 0 85 kb DNA fragment (about 0.05 ug) were dissolved in 

TJ7t, £ II^dSJS-' - — ■ - «— « - — out at 4 

"'"The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and straps 
The recomttnam pun obta ined The plasmid DNA isolated from one of these transformant 

s ~ ^pSpSraSSif* action enzyme digestion confirmed that it had 

1987 with the Fermentation Research Institute under the des.gnat.on Eschenchta coh 9A (depoSlt 

o number FERM BP-1460) in accordance with the Budapest Treaty. 

(7) Construction of recombinant plasmid pSE1dhfr1A: 

Ahn„t 9 ua of the D AGE106 plasmid DNA obtained as described above was dissolved in 3C I ill of Y-50 

purified by the AFT method. [Subraman i et al.: Mol. Cell. Biol.. 1. 854 (1981)] 

Separately, about 3 ug of the P^^P 1 "™ ^ 1 2 unjts of B „, was added> -and digestion 
25 ^st^^ • DNA^ragment was recovered by 

J <,.oT^> and pSE, PA1*W«Wd DNA frag™* (about 0., M «» a-** « of T4 ,««o 

«, Tha ..conb.oant <*^T?" ,£^2? ftom one <JTB5rK»33m»l «*. »aa 

Zr P s1"s~X"r— anzy.a diooaHoo ~ . >-> M d.a,*d 

structure (cf. Fig. 29). 

(8) Construction of recombinant plasmid pSE1PAlSE1dhfrt-9A: 

About 3 ug of the pSEtdhtrlA p.asmid DNA obtained as *^ .^ C ^*S5 12 

55 h^treatment at 85^ a DNA fragment about kb in 

™°pSE1PA1-9A p, aS mid DNA obtained ascribed .above was d^ved * 
30 (Tl of Y-50 buffer. 12 units of CM was added, and digest.cn was effected at 37 C for 2 hours. After 
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phenol-chloroform extraction, a DNA fragment was recovered by ethanl precipitation. This DNA fragment 
was dissolved in a total volume of 40 ul of polymerase buffer, 6 units of the Klenow fragment was added, 
and reaction was carried out at 15° C for i hour, whereby the Clal cohesive ends were rendered blunt. 
Then, after phenot-chloroform extraction, the DNA fragment was recovered by ethanol precipitation and 
s dissolved in 30 ul of Y-150 buffer, 12 units of MM was added, and digestion was conducted at 37 *C for 2 
hours. After 10 minute heat treatment at 65" C, a DNA about 6.75 kb in size was purified by the AFT 
method. 

The thus-obtained pSE1dhfr1A-derived DNA fragment (about 0.1 ug) and p$E1PA1-9A-derived DNA 
fragment (about 0.1 ug) were dissolved in 20 ul of T4 iigase buffer, 100 units of T4 DNA ligase was added, 
10 and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 
resistant strains were obtained. The plasmid DNA isolated from one of these transformant strains was 
named pSE1PA1SE1dhfr1-9A. Structural analysis by restriction enzyme digestion confirmed that it had the 
desired structure (cf. Fig. 29). 
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Reference Example 10 



Construction of hG-CSF expression plasmid pAS3-3: 



25 (Cf. Fig. 30 and Fig. 31) 



(1) Consturction of recombinant plasmid pCSF3-3: 



A 2-ug portion of pCSF2 obtained in Reference Example 4 was dissolved in 20 ul of Y-150 buffer, 10 
units of the restriction enzyme Sail was added, and digestion was effected at 37* C for 2 hours. Then, 5 
units of the restriction enzyme Apa LI was added and partial cleavage was effected at 37 # C for 10 minutes. 
About 1 .5 ug of a DNA fragment about 4.0 kb in size (Sall-ApaLI fragment) was isolated from the reaction 
35 mixture by the LGT method. 

Separately, for preparing a cDNA containing the whole hG-CSF translation region, the following three 
DNA linkers were synthesized: 
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Sail. 

FtTCGACGGAGCCTGCAGCCCAGCCCCACCC- 3' (29mer) 
iF^GCCTCGGACGTCGGGTCGGGGTGGGTCTGGG- 5' Olner) 



{^qq_ ] c Signal sequence 

-30" 

MetAlaGlyProAlaThrGlnSerPro 
5'-AGACCCAIfiCCTGGACCTGCCACCCAGAGCCC-3' (32mer) 
3'-TACCGACCTGGACGGTGGGTCTCGGGGTAC-5' (30mer) 



ApaL I 

-20 -10. 
MetLysLeuMetAlaLeuGlnLeuLeuLeuTrpHisSe r 
5' -CATGAAGCTGATGGCCCTGCAGCTGCTGCTGTGGCACAE - 3' (39raer> 



3' -TTCGACT ACCGGGACGTCGACGACGACACCGTGTCACGT1- 5' (39mer) 

The above single-strand DNAs, namely the 29-mer, 31-mer, 32-mer, 30-mer and 39-mers (two kinds), 
were synthesized using an Applied Biosystems model 380A DMA synthesizer. The 29-mer and 31-mer 
complementary to each other (each 20 picomoles) were dissolved in 40 ul of T4 kinase buffer, 6 units of T4 
polynucleotide kinase was added, and phosphorylation was effected at 37 "C for 60 minutes. The 32-mer 
and 30-mer complementary to each other as well as the two 39-mers complementary to each other were 
phosphorylated in the same manner. 

The pCSF2-derived Sall-ApaLI fragment obtained as described above (about 4.0 kb; 0.1 ug) was 
dissolved in 30 ul of T4*DNA ligase buffer, the above three DNA linkers (each 2 picomoles) were added 
and. after further addition of 400 units of T4 DNA ligase, ligation was conducted at 4° C for 18 hours. 

The reaction mixture was used to transform Escherichia coli HB101 and Ap-resistant strains were 
obtained. The plasmid DNA isolated from one of the transformant strains was subjected to structural 
analysis by restriction enzyme cleavage. It was thus confirmed that the plasmid was the desired one, 
namely pCSF3-3. 



(2) Construction of hG-CSF expression plasmid pSElGC3-3: 

pCSF3-3 (3 ug) obtained as described in the preceding section was dissolved in 40 ui of Y-0 buffer, 10 
units of the restriction enzyme Dral was added, and digestion was conducted at 37 °C for 2 hours. NaCI 
was added to an NaCI concentration of 150 mM, 10 units of the restriction enzyme Sail was added, and 
cleavage was further effected at 37° C for 2 hours. About 0.6 ug of a DNA fragment about 0.7 kb in size 
(Dral-Sall fragment) was isolated from the reaction mixture by the LGT method. 

Separately, 2 ug of pAGE106 obtained in Reference Example 9 was dissolved in 30 ul of Y-0 buffer, 10 
units of Smal was added, and cleavage was effected at 37* C for 2 hours. Then, NaCI was added to a final 
NaCI concentration of 150 mM and after further addition of 10 units of the restriction enzyme Sail, cleavage 
was carried out at 37* C for 2 hours. About 1.5 ug of a DNA fragment about 5.0 kb in size Sma l- Sail 
fragment) was recovered from the reaction mixture by the LGT method. 

Then, about 0.6 ug of the pCSF3-3-derived Dral-Sall fragment (about 0.7 kb) and about 1.0 ug of the 
pAGEl06-derived Smal-Sail fragment (about 5.0 kb), each obtained as described above, were dissolved in 
25 ul of T4 DNA ligase buffer, 400 units of T4 DNA ligase was added, and ligation was carried out at 4 " C 
for 18 hours. 

The reaction mixture thus obtained was used to transform Escherichia coli HB101 and Ap-resistant 
strains were obtained. The plasmid isolated from one of these transformants was subjected to structural 
analysis by restriction enzyme cleavage. As a result, it was confirmed that it was the desired plasmid DNA, 
namely pSElGC3-3. 
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(3) Construction of hG-CSF expression plasnnid pAS3-3: 

pCfTAI (5 ug; cf. Reference Example 15) was dissolved in 50 ul of Y-100 buffer, 10 units each of the 
restriction enzymes Hindlll and Bam HI were added, and digestion was conducted at 37° C for 2 hours. 

5 From the reaction mixture was obtained 1 ug of a DNA fragment about 1.6 kb in size (Hindlll-BamHI 
fragment) by the LGT method. This 1.6 kb DNA fragment (1 ug) was dissovled in 50 ul of Y-100 buffer, 10 
units of the restriction enzyme Dde l (Toyobo) was added, and digestion was effected at 37* C for 2 hours. 
After phenol-chloroform extraction, DNA was recovered by ethanol precipitation. It was dissolved Irs 30 ul of 
Klenow buffer, 2 units of DNA polymerase I Klenow fragment was added, and reaction was carried out at 

io 37° C for 1 hour. After inactivation of DNA polymerase I Klenow fragment by 10 minute heat treatment at 
68° C, DNA was recovered by ethanol precipitation. The DNA recovered was dissolved in 20 ul of K-50 
buffer, 10 units of the restriction enzyme Aatll (Toyobo) was added, and cleavage was carried out at 37* C 
for 2 hours. About 0.1 ug of a DNA fragment about 0.2 kb in size [Dde l (blunt end)-Aatll fragment] was 
obtained from the reaction mixture by the LGT method. 

is Separately, 2 ug of pSE1 GC3-3 obtained as described in the proceding section was dissolved in 20 ul 
of K-50 buffer, 10 units of the restriction enzyme Aatll (Toyobo) was added, and digestion was performed at 
37° C for 2 hours. Then, 10 units of the restriction enzyme Xhol was added and digestion was further 
conducted at 37* C for 2 hours. About 0.1 ug of a ON A fragment about 0.8 kb in size (Aatll-Xhol fragment) 
was obtained from the reaction mixture by the LGT method. 

20 Separately 2 ug of pSE1 PA1 SE1 dhfrl -9A obtained in Reference Example 9 was dissolved in 20 u! of 
Y-0 buffer, 10 units of the restriction enzyme Sma l was added, and digestion was effected at 37* C for 2 
hours. Then. NaCI was added to an NaCI concentration of 100 mM t 10 units of the restrction enzyme Xho l 
was added, and digestion was further conducted at 37* C for 2 hours. About 1 ug of a DNA fragment about 
8.7 kb in size ( Smal - Xho' l fragment) was obtained from the reaction mixture by the LGT method. 

25 The pCfTAI -derived Dde l (blunt end)-Aatll fragment (about 0.2 kb; about 0.1 ug), pSElGC3-3-derived 
Aatll-Xhol fragment (about 0.8 kb; about 0.1 ug) and pSE1PA1SE1 dhfrl -9A-derived Sma i -Xho l fragment 
(about 8.7 kb; about 1 ug) respectively obtained in the above manner were dissolved in 30 ul of T4 DNA 
ligase buffer, 400 units of T4 DNA ligase was added, and ligation was carried out at 4* C for 18 hours. The 
resultant reaction mixture was used to transform Escherichia coli HB101 and Ap-resistant strains were 

30 obtained. The plasmid isolated from one of these transformant strains was analyzed for its structure by 
restriction enzyme cleavage ahd, as a result, it was confirmed that it was the plasmid DNA having the 
desired structure, namely pAS3-3. 



35 Reference Example 1 1 



Construction of recombinant plasmid pUKA2: 

40 

The pUK1 DNA was prepared by a conventional method from Escherichia coii C600 SF8 harboring the 
human pro-UK cDNA-containing plasmid pUK1 obtained in Reference Example" About 2 ug of the pUK1 
DNA obtained was dissolved in 30 ul of Y-100 buffer, 8 units of the restriction enzyme Nco l and 8 units of 

45 Stul were added, and digestion was carried out at 37 'C for 2 hours. After 10-minute heat treatment at 
65 C, a DNA fragment about 1.2 kb in size was purified by the AFT method. Separately, about 2 ug of the 
pTrS33 plasmid DNA obtained in Reference Example 5 was dissolved in 30 ul of 10 mM Tris-HCI (pH 7.5) 
containing 25 mM KG, 7 mM MgCl2 and 6 mM 2-mercaptoethanol (hereinafter such buffer will be referred 
to as "K-25 buffer"), 16 units of the restriction enzyme Sma l was added, and digestion was performed at 

so 30 °C for 2 hours. Then, 1.5 ul of 1M NaCI and 10 units of Nco l were added, and digestion was further 
conducted at 37* C for 2 hours. After 10-minute heat treatment at 65° C, a DNA fragment about 2.85 kb in 
size was purified by the AFT method. 

The thus-obtained pUK1 -derived 1.2 kb DNA fragment (about 0.05 ug) and pTrS33-derived 2.85 kb 
DNA fragment (about 0.1 ug) were dissolved in a total volume of 20 ul of T4 ligase buffer, 100 units of T4 

55 DNA ligase was added, and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 
resistant strains were obtained. The DNA isolated from one of these transformant strainTwas named pUKA2 
and analyzed for its structure by restriction enzyme digestion and it was confirmed that pUKA2 had the 
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desired structure (cf. Fig. 32). 



Reference Example 12 

5 



Construction of recombinant plasmid pUKBIOl: 

10 

About 2 ug of the pUKA2 plasmid DNA obtained as described above was dissolved in 30 ill of Y-0 
buffer, 12 units of the restriction enzyme Kpnl was added, and digestion was carried out at 37 *C for 2 
hours. Then, 1.5 til of 2 M NaCI and 10 units of Ncol were added, and digestion was further conducted at 
37* C for 2 hours. After 10-minute heat treatment at 65* C, a DNA fragment about 1.2 kb in size was 

15 purified by the AFT method. Separately, about 2 ug of the pTrS33 plasmid DNA obtained in Reference 
Example 5 was dissolved in 30 ul of K-25 buffer, 16 units of Smal was added, and digestion was performed 
at 30* C for 2 hours. Then, 1.5 ul of 2 M NaCI and 10 units of Pstl were added, and digestion was further 
conducted at 37° C for 2 hours. After 10-minute heat treatment at 65* C, a DNA fragment about 1.15 kb in 
size was purified by the AFT method. Further, separately, about 2 tig of the pTerm2 plasmid DNA obtained 

20 in Reference Example 6 was dissolved in 30 ul of Y-0 buffer, 12 units of Kpn l was added, and digestion 
was* performed at 37° C for 2 hours. Then, 1.5 ui of 2 M NaCI and 10 units of Pstl were added, and 
digestion was further carried out at 37° C for 2 hours. After 10-minute heat treatment at 65 *C, a DNA 
fragment about 1 .7 kb in size was purified by the AFT method. In addition, the following two synthetic DNAs 
(41-mer and 45-mer) were synthesized using an Applied Biosystems model 380A DNA synthesizer. 

25 5 -GGGMTGGTCACTTTTACCGAGGAAAGGCCAGCACTGACAC-3 (41 mer) 

3 -CCCTTACCAGTGAAAATGGCTCCTTTCCGGTCGTGACTGTGGTAC-5' (45mer) 

These synthetic DNAs (20 picomoles each) were individually phosphorylated at the 5' end by carrying out 
phosphorylation in 20 ul of T4 kinase buffer in the presence of 5 units of T4 polynucleotide kinase at 37* C 
for 30 minutes. 

so The thus-obtained pUKA2-derived 1.2 kb DNA fragment (about 0.05 ug), pTrS33-derived 1.15 kb DNA 
fragment (about 0.05 ug), pTerm2-derived 1 .7 kb DNA fragment (about 0.05 ug) and two 5 -phosphorylated 
synthetic DNAs (1 picomole each) were dissolved in a total volume of 20 ul of T4 ligase buffer, 300 units of 
T4 DNA ligase was added, and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 

35 resistant strains were obtained. The plasmid DNA isolated from one of these transformants were named 
pUKB101. Structural analysis by restriction enzyme digestion and base sequence determination by the M13 
dideoxy sequencing method confirmed that pUKBIOt had the desired structure (cf. Fig. 33). 



40 Reference Example 13 



Construction of human pro-UK expression plasmid pSE1UKpro1-1A: 

45 - - - 

(1) Construction of recombinant plasmid pUKF2: 

About 3 ug of the pUK1 1 plasmid DNA obtained in Reference Example 3 was dissolved in 30 ul of Y- 
so 100 buffer, 12 units of Ncol and 12 units of Hindlll were added, and digestion was carried out at 37 *C for 2 
hours. After To-minuteT^^ a DNA fragment-about 0.45 kb in size was purified by the 

AFT method. Separately, about 2 ug of the pUKA2 plasmid DNA obtained in Example 11*0) was dissolved 
in 30 ul of Y-0 buffer, 10 units of Kpnl was added, and digestion was effected at 37° C for 2 hours, Then, 
1.5 ul of 2 M NaCI and 10 units of Nco l were added, and digestion was further conducted at 37 *C for 2 
55 hours. Aft r 10-minute h at tr atment at 65 "C, a DNA fragment about 1.2 kb in size was purified by the 
AFT method. Further, separately, about 2 ug of the pTerm2 plasmid DNA obtained in Reference Example 6 
was dissolved in 30 ul of Y-0 buffer, 10 units of Kpn l was added, and digestion was carried out at 37* C for 
2 hours. Then, 1.5 ul of 2 M NaCI and 8 units of Hindlll were added, and digestion was further performed at 
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37 °C for 2 hours. After 10-minute heat treatment at 65 °C, a DNA fragment about 2.85 kb in size was 
purified by the AFT method. 

The thus-obtained p(JK1l -derived 0.45 kb DNA fragment (about 0.02 ug), pUKA2-derived 1.2 kb DNA 
fragment (about 0.05 ug) and pTerm2-derived 2.85 kb fragment (about 0.05 ug) were dissolved in a total 
s volume of 20 ul of T4 ligase buffer, 50 units of T4 DNA Hgase was added, and ligation was effected at 4° C* 
for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 
resistant strains were obtained. The plasmid DNA isolated from one of these transformants was named 
pUKF2. Structural analysis by restriction enzyme digestion confirmed that pUKF2 had the desired structure 
70 (cf. Fig.34). 



(2) Construction of recombinant plasmid pUKfpro: 

is About 2 ug of the pUKF2 plasmid DNA obtained in the above manner was dissolved in 30 ul of Y-0 
buffer containing 25 mM NaCI, 10 units of BssHII (new England Bio Labs) was added, and digestion was 
performed at 50° C for 2 hours. Then, 1.0 Ul of 2 M NaCI and 10 units of Hindlll were added and digestion 
was further conducted at 37* C for 2 hours. After 10-minute heat treatment at 65° C t a DNA fragment about 
4.3 kb in size was purified by the AFT method. Separately, the following six synthetic DNAs (39-mer, 41- 

20 mer, 41-mer, 39-mer f 17-mer, 17-mer) were synthesized and then phosphorylated at the S end in the same 
manner as mentioned above. 

S'-AGCTTGTCCCCGCAGCGCCGTCGCGCCCTCCTGCCBCAG- 3' (39mer) 

26 3'-ACAGGGGCGTCGCGGCAGCGGGCGAGGACGGCGTCCGGTGG- 5' 

Ulmer) 

S'-GCCACCGAGGCCGCCGCCGTCTAGCGCCCCGACCTCGCCAC- 3' Ulmer) 

30 3' -CTCCGGCGGCGGCAG ATCGCG GGGCTGGAGCGGTGGT AC- 5' 

(39mer) 

5' — CAT G AGA GCC CTG CTG G- 3' (17mer) 
* 3'-TCT CGG GAC GAC C GCGC— 5 r (17mer) 

The thus-obtained pUKF2-derived 4.3 kb DNA fragment (about 0.1 ug) and six 5-phosporyiated 
synthetic DNAs (1 picomole each) were dissolved in a total volume of 20 ul of T4 ligase buffer, 300 units of 
4Q T4 DNA ligase was added, and ligation was carried out at 4' C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap- 
resistant strains were obtained. The plasmid DNA isolated from one of these transformants was named 
pUKFpro. Structural analysis by restriction enzyme digestion as well as base sequnce determination by the 
M13 dideoxy sequencing method established that pUKFpro had the desired structure (cf. Fig. 35). 



(3) Construction of recombinant plasmid pSE1UKpro1-1A: 

About 2 ug of the pSE1PA1-9A plasmid DNA obtained in Reference Example 9 was dissolved in 30 ul 
Of Y-0 buffer, 10 units of Kpnl was added, and digestion was conducted at 37* C for 2 hours. Then, 1.5 ul of 
2 M NaCI and 10 units of Hindlll were added and digestion was further performed at 37° C for 2 hours. After 
10-minute heat treatment at 65 - C, a DNA fragment about 6,3 kb in size was purified by the AFT method. 
Separately, about 3 ug of the pUKFpro plasmid DNA obtained as described above was dissolved in 30 ul of 
Y-0 buffer, 15 units of Kpn l was added, and digestion was conducted at 37* C for 2 hours. Then, 1.5 ul of 
2M NaCI and 10 units of Hindlll were added and digestion was further conducted at 37* C for 2 hours. After 
10-minute heat treatment at 65* C, a DNA fragment about 1 .55 kb in size was purified by the AFT method. 

The thus-obtained pSE1PA1-9A-derived 6.3 kb DNA fragment (about 0.1 ug) and pUKFpro-derived 1.55 
kb DNA fragment (about 0.05 ug) were dissovled in a total volume of 20 ul of T4 ligase buffer* 100 units of 
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The recomDinam P , t d f one of these transformants was named 

1A had the desired structure (cf. Fig. 36). 



Reference Example 14 



70 

1) Isolation of human LT cDNA-containing plasmid pLT1 



75 (1 ) Preparation of poly(A) RNA from Lukll cells: 

A P oly(A)-containing RNA was prepared from the human lymphoblastoid cell line Lukll by the guanidine 
thiocySe-Uthium chloride method [Catha«a et a., DNA. 2 329 (1983)] in tte fo. ow.gman ne, 

Irum and mM < HEPES) . at a " in0CuUjm S ' Z ?, ° f 8 X 

O^celSml a"d grown theSn using a spinner culture bottle. After growing at 37 C for 48 hours, cells were 

ollecefby cent^on. tranced to a fresh one-liter ^«™™^JZZ^Z 

E % SodiumTaury. su.fate and 1 mM EDTA and. after pheno ,-ch.or oform -^ m J^^^ 
Ah n „t oc mn nf the RNA obtained was dissolved in 1 ml of 10 mM Tris-nw (pn o.u; 
35 mM EDTA After 5 lutes of incubation at 65' C, 0, ml of 5 M NaC. was added The fixture 

STsScted to oligo(dT)-ceilulose column (P-L Biochemicals) chromatography (column volume 0 £ i mj. 
rZ poS(AKontai^ mRNA adsorbed was eluted with 10 mM Tris-HCI < P H 7.5) contammg 1 mM EDTA to 
give 100 ug of poly(A)-containing mRNA. 
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(2) cDNA synthesis and insertion into vector: 

cDNA synthesis and construction of a recombinant plasmid with the same inserted therein ^carrted 
out following the Okayama-Berg method [Mo.. Cell. Bio... 2. 181 (1982)]. The processes are schemat.ca.ly 

Sh0 Tbo n ut F 2 .g of the P o,y(A) RNA prepared as described above and about 1 A ug ofthe vector primer 
were dissolved in 22.3 u. of 50 mM Tris-HCI (pH 8.3) contammg 8 mM ^S^iS^I^lO 
«m «aoh hntp (dATP dTTP dGTP, dCTP) and 10 units of nbonuclease inhibitor (P-L Biocnem cais). hj 

66 uM dCTP and 0 2 ag po.y(A). 14 units of TdT (P-L Biochemicals) was added, and the mixture was 
^Jfl^rc for 2 minutes for the addition of a 20-mer (dC) chain to the 3 end of cDNA The reaction 
™2TJ subiec S^iSSSliiom extraction and then the resultant W --n*jdjd cDNA-vector 
o^erom was recovered by ethanol precipitation. This DNA was dissolved in 400 ul of 10 mM Tris-HCI 
S ^7.5) conSnTe mM MgC. 2 and 60 mM Nad, 20 units of Hind... was added, and the mixture was 
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incubatd at 37° C for 2 hours for causing cleavage at the Hindlll site. The reaction mixture was subjected to 
phenol-chloroform extraction and the subsequent ethanol precipitation gave 0.5 picomole of the resultant 
(dC) chain-added cDNA-vector primer DNA. This DNA (0.2 picomole) and 0.4 picomole of the above- 
mentioned linker DNA were dissolved in 100 Ml of 10 mM Tris-HCI (pH 7.5) containing 0.1 M NaCI and 1 

5 mM EDTA and the solution was incubated at 65* C for 10 minutes, then at 42° C for 25 minutes and, finally, 
at 0° C for 30 minutes. The reaction mixture was made up to a total volume of 100 ul while the composition 
was adjusted so that the final solution contained 20 mM Tris-HCI (pH 7.5), 4 mM MgCIa, 10 mM (NH+feSO*, 
0.1 M KCI and 0.1 mM 0-NAD. Escherichia coli DNA ligase (New England BroLabs: 25 units) was added to 
the solution and incubation was carried out at 11 *C for 18 hours. The reaction mixture was supplemented 

10 with dNTPs (each 40 uM) and 0-NAD (to 0.15 mM), then 10 units of Escherichia coli DNA ligase, 20 units 
of Escherichia coli DNA polymerase I (P-L Biochemicals) and 10 units of Escherichia coli ribonuclease H (P- 
L BiochemicalsTwere added, and the mixture was incubated at 12° C for 1 hour and then at 25° C for 1 
hour. The above reaction procedure resulted in cyclization of the cDNA-containing recombinant DNA and 
substitution of DNA for the RNA portion of the RNA-DNA double strand to give a completely double- 

75 stranded DNA recombinant plasmid. 



(3) Selection of human LT cDNA-containing recombinant DNA: 

20 The recombinant plasmid obtained in step (2) mentioned above was used to transform Escherichia coli 
C600 SF8 [Cameron: Proc. Natl. Acad. Sci. USA, 72, 3416 (1975)] by the method of Scott et al. [K. 
Shigesada: Saibo Kogaku, 2, 616 (1983)]. About 30,000 colonies obtained were immobilized on nitrocel- 
lulose filters. One strain capable of strongly hybridizing at 52 *C, with the 32 P-labeled 17-mer synthetic DNA 
probe coinciding in base sequence with a part of the 5 -nontranslational region of the human LT cDNA 

25 isolated by Genentech [Patrick W. Gray et ah: Nature, 312, 721 (1984)], namely 32 P-labeled 5'- 
GATCCCCGGCCTGCCTG-3, was selected by the Grunstein-Hogness method [Proc Natl. Acad. Sci. USA, 
72, 3961 (1975)]. The whole base sequence of the cDNA of the plasmid pLT1 harbored by this strain was 
determined by the dideoxy sequencing method using M13 phage. As a result, it was revealed that the 
cDNA of pLT1 was one coding for human LT. 

30 

2) Construction of recombinant plasmid pLA1 (cf. Fig. 37): 

In a total volume of 50 ul of Y-0 buffer was dissolved 5 ug of pLT1 (4.7 kb) obtained by the method 
as described in the preceding section, 10 units of the restriction enzyme Xho ll (Boehringer Mannheim) was 
added, and digestion was carried out at 37* C for 2 hours. Then, NaCI was added to a final concentration of 
150 mM, 10 units of the restriction enzyme Nsil (New England BioLabs) was added, and digestion was 
further performed at 37" C for 3 hours. About 0.3 ug of a DNA fragment ( Xho li-Nsit fragment) about 750 bp 
in size and containing most of the human LT DNA was obtained from the reaction mixture by the LGT 
40 method. . 

Separately, 20 ug of pLTi was dissolved in 200 ul of Y-50 buffer, 40 units of the restriction enzyme 
Haelll was added, and cleavage was conducted at 37 °C for 2 hours. Then, NaCI was added to a final 
concentration of 150 mM, 40 units of Nsil was added, and cleavage was further conducted at 37* C for 3 
hours. About 40 ng of a DNA fragment~( Hae lU-Nsil fragment) about 50 bp in size and containing the N- 
45 teminus portion of the human LT DNA was recovered from the reaction mixture by poiyacrylamide gel 
electrophoresis. 

Further, separately. 3 ug of pGEL1 (3.4 kb) [Sekine et al., Proc. Natl. Acad. Sci,, USA, 82, 4306 (1985), 
FERM BP-629] was dissolved in a total volume of 30 ul of Y-100 buffer, 6 units each of the restriction 
enzymes Stul and Bglll were added, and cleavage was effected at 37* C for 3 hours. 

so About 1 .0 ug of an Ap r gene-containing DNA fragment about 2.3 kb in size (Stut-Bglll fragment) was 
obtained from the reaction mixture by the LGT method. 

Then, 0.2 ug of the pLT1 -derived Xholl-Nsil fragment (about 750 bp), 20 ng of the pLT1 -derived Haelll- 
Nsi! fragment (about 50 bp) and 0lf"ug"'"of the pGEL1 -derived Stul-Bglll fragment (about 2.3 kb), 
respectively obtained as described above, were dissolved in a total volume of 20 ul of T4 ligase buffer, 2 

55 units of T4 DNA ligase (Takara Shuzo) was further added to this mixed solution, and reaction was carried 
out at 4*C for 18 hours. 

The thus-obtained recombinant plasmid DNA was used to transform Escherichia coli KM430 by the 
method of Cohen at al. and Ap r colonies were obtained. The plasmid DNA isolated and purified from one of 
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these transformant strains by the known method was subjected to structural analysis by cleaving this 
plasmid DNA with Stul and other restriction enzymes and, as a result, it was confirmed that it was the 
desired pJasmid. ThisTccombinant plasmid was named pLA1 . 



5 

3) construction of LT expression plasmid pLSA1 (cf. Fig. 38): 



Escherichia coli KM430 harboring pLA1 (3.1 kb) obtained as described in the preceding section was 
cultured and tho"pLA1 CtNA was prepared from cultured cells by the conventional method. A 3 ug portion of 
io the pLAl DNA obtained was dissolved in 30 ul of Y-100 buffer, 3 units each of Stul and Bglll were added, 
and cleavage was carried out at 37 *C for 3 hours. About 0.5 ug of a DNA fragment (Stul-Bgjll fragment) 
about 790 bp in size and containing most of the human LT gene was obtained from the reaction mixture by 
the LGT method. 

Separately. 3 ug of pKYPiO prepared by the method described in JP-A-58-1 10600 or U.S. Patent 
is 4,686,191 was dissolved in 30 ul of Y-100 buffer, 6 units each of the restriction enzymes Ban lll and Pstl 
were added, and cleavage was carried out at 37* C for 3 hours. About 0.6 ug of a DNA fragment (Banlll-Pstl 
fragment) about 1.1 kb in size and containing the tryptophan promoter (Ptrp) was recovered from the 
reaction mixture by the LGT method. Further, separately, 2 ug of pGEL1 (3.4 kb) was dissolved in 20 ul of 
Y-100 buffer, 4 units each of the restriction enzymes Hindlll, Bam HI and Pstl were added, and cleavage was 
20 effected at 37 *C for 3 hours. About 0.7 ug of a DNA fragment (Pstl- Bam HI fragment) about 1.7 kb in size 
and containing the lipoprotein gene-derived terminator was obtained from the reaction mixture by the LGT 
method. 

Separately, in view of the necessity of providing that base sequence covering from the codon for the N- 
terminal Leu (CTA) to the second base (GG) of the codon for the fifth amino acid Gly (GGC) of the mature 
25 human LT polypeptide, the necessity of providing the initiation codon (ATG) necessary for expression and 
the necessity of adjusting the distance between the SD sequence and ATG downstream from Ptrp to an 
appropriate length within the range of 6 to 18 bp and for other reasons, the following DNA linker was 
synthesized; 



30 



35 



Ban! 



5' 



Met 



2?-mer 
Leu Pro 



CGATAAGCTT ATG CTA CCA .GGA GTA 



Blunt end 
Gly Val 

GG 



3' — 1TATTCGAA TAC GAT GGT CCT CAT CC 

25-mer 



3' 
5' 



First, the single-strand 27-mer and 25-mer DNAs were synthesized by the ordinary triester method. The 
27-mer and 25-mer (20 picomoles each) were dissolved in a total volume of 40 ul of T4 kinase buffer, 6 
units of T4 polynucleotide kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37 *C 
for 60 minutes. 

Then, 0.3 ug of the pLAl -derived Stul-Bglll fragment (about 790 bp), 0.4 ug of the Banlll-Pstl fragment 
(about 1.1 kb) of the expression vector pKYPiO and 0.6 ug of the pGELi -derived Pst l- Bam HI fragment 
(about 1 .7 kb), respectively obtained as described above, were dissolved in 25 ul of T4 ligase buffer, about 

4 5 1 picomole of the above DNA linker was added to the mixture and, after further addition of 6 units of T4 
DNA ligase, ligation was effected at 4* C for 18 hours. 

The recombinant plasmid-containing reaction mixture was used to transform Escherichia coli KM430 
and Ap r colonies were obtained. A plasmid DNA was recovered from cells obtained by culture of one of the 
colonies. The structure of the plasmid obtained was confirmed by cleavage with the restriction enzymes 

so EcoRI, Banlll, Pstl, Hindlll and Bglll, followed by agarose gel electrophoresis. This plasmid was named 
pLSA1 . ¥was confirmed by the Maxam-Gilbert method [A. M. Maxam et al.: Proc. Natl. Acad. Sci. USA, 74, 
560 (1977)] that, in the vicinity of the Banlll and Hindlll sites, pLSA1 had the following base sequence: 
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BanI Hindi 



CG ATA 



AGC 



TT 
1 



Met 
ATG 



Leu 
CTA 



Pro 
CCA 



Gly 
GGA 



Val 
GTA 



Gly 
GGC 



Leu 
CTC 



10 



Reference Example 15 



75. 



20 



25 



30 
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Construction of hG-CSF expression plasmid pCfTAI (cf. Fig. 39): 

The pCSF1-2 DNA obtained in Reference Example 4 (2 ug) was dissolved in a total volume of 20 ul of 
Y-100 buffer, 10 units each of the restriction enzymes Apa l (Boehringer Mannheim) and Bam Hl were added, 
and reaction was carried out at 37 'C for 4 hours. A 1.5 kb DNA fragment (0.4 ug) was purified and 
recovered from the reaction mixture by the LGT method. 

Separately, 2 ug of the plamsid pLSAl prepared by the method described in Reference Example 14 
was dissolved in 20 ul of Y-100 buffer, 10 units each of the restriction enzymes Ban lll (Toyobo) and Bam Hl 
were added, and reaction was carried out at 37° C for 4 hours. A 2.8 kb DNA fragment (0.8 ug) was purified 
and recoverd from the reaction mixture by the LGT method. 

Separately, in view of the necessity of providing the codons for the N-terminal first to fifth amino acids 
of the mature hG-CSF polypeptide [threonine 1 (ACA or ACT), proline 2 (CCA or CCT), leucine 3 (CTA), 
glycine* (GGC), proline 5 (CCC)] and the initiation codon (ATG) necessary for expression and the necessity 
of adjusting the distance between the SD sequence and ATG downstream from the tryptophan promoter 
(Ptrp) to an appropriate length within the range of 6 to 18 bp and for other reasons, the following DNA linker 
was synthesized: 

Ban g Hindi 



5' — 
3' — 



CGATA 



AGCTT 



Met 


Thr 


2 

Pro 


3 

Leu 


Gly 




Pro 


ATG 


AC} 


cc} 


* 

CTA 


GGC 


C 










TAC 


TG T A 


GG{ 


GAT 













40 



3' 

2 6 ra e r (4m i x) 
20n»er (4mix) 



45 



50 



55 



First, the single-strand 26-mer and 20-mer DNAs were synthesized by the ordinary triester method [R. 
Crea et al.: Proc. Natl. Acad. Sci. USA, 75, 5765 (1978)1. The 26-mer and 20-mer (2 ug each) were 
dissolved in T4 kinase buffer, 30 units of T4 polynucleotide kinase was added, and phosphorylation was 
carried out at 37* C for 60 minutes. 

The pCSF1-2-derived Apal-BamHI fragment (1.5 kb; 0.4 ug) and pLSAl -derived BanHI- Bam HI fragment 
(2,8 kb; 0.2 ug) obtained as described above were dissolved in 25 ul of T4 ligase buffer, 0.1 ug of the 
above DNA linker was added to the mixture and, after further addition of 6 units of T4 DNA ligase, ligation 
was carried out at 4° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli HB101 [Bolivar et al: 
Gene, 2, 75 (1977)] by the method of Cohen et al. [S. N. Cohen et al.: Proc. Natl. Acd. Sci. USA, 69, 2110 
(1972)]~and Ap r colonies were obtained. A plasmid DNA was recoverd from ceils obtained by growing one 
of the colonies. The structure of the plasmid obtained was confirmed by cleavage with Banlll, Rsal, Pst l, 
Hindlil and Bglll, followed by agarose gel electrophoresis. This plasmid was named pCfTAI. It was 
confirmed by the dideoxy sequencing method using M13 phage that, in the vicinity of the Ban lll and Hindlil 
sites, pCfTAI had the following base sequence: 
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Ktt Thr Pro I • u CLy Pro 

ATG ACT CCT CTA GGC CCT 



Reference Example 16 



Construction of pCfBD28: 



(1 ) Construction of plasmid pCfTB20 lacking in part of 3-nontransiational region of hG-CSF cDNA (cf. Rg. 
40): 

A 2 ug portion of the hG-CSF expression plasmid pCfTAI (4.3 kb) obtained in Reference Example 15 
was dissolved in 20 ul of Y-100 buffer, 4 units of the restriction enzyme BamHI was added, and digestion 
was effected at 37* C for 4 hours. After phenol-chloroform extraction, 1.8 ug of a DNA fragment was 
recovered by ethanol precipitation. This DNA fragment was dissolved in 20 ul of Klenow buffer, dATP, 
dTTP, dCTP and dGTP were added each to a concentration of 1 mM and, after further addition of 4 units of 
DNA polymerase I Klenow fragment, reaction was carried out at room temperature for 1 hour for converting 
the cohesive ends to blunt ends. After phenol-chloroform extraction, 1 .6 tig of the resultant DNA fragment 
was recovered by ethanol precipitation. This DNA fragment was dissolved in 20 ul of Y-100 buffer, 10 units 
of EcoRI was added, and cleavage was effected at 37* C for 4 hours. From the reaction mixture was 
obtained by the LGT method 1 ug of a 2.5 kb DNA fragment ( Bam HI (blunt end)-EcoRI fragment). 

Separately, 2 ug of pCfTAI was dissolved in 20 ul of Y-100 buffer, 10 units of EcoRI was added, and 
cleavage was carried out at 37 *C for 4 hours. Then, NaCI was added to a final NaCI concentration of 150 
mM, 10 units of Dral was added, and cleavage was further conducted at 37 *C for 4 hours. After 
confirmation of completeness of digestion by agarose gel electrophoresis, 0.2 ug of an hG-CSF cDNA- 
containing 1.0 kb DNA fragment (EcoRI-Dral fragment) was purified and recovered by the LGT method. 

The thus-obtained Bam HI (blunTeno>EcoRI fragment (2.5 kb; 0.2 ug) and EcoRI-Dral fragment (1 .0 kb; 
0.2 ug) were dissolved in 25 ul of T4 ligasebuffer, 6 units of T4 DNA ligase was added to the solution and 
ligation was carried out at 4* C for 18 hours. 

The recombinant piasmid mixture obtained was used to transform Escherichia coli HB101 and Ap r 
colonies were obtained. A plasmid DNA was recovered from cells obtained by cultivating one of the 
colonies. The structure of the plasmid obtained was confirmed by cleavage with Hindlll and Pstl, followed 
by agarose gel electrophoresis. This plasmid was named pCfTB20. 

(2) Construction of plasmid pCfTL38 coding for polypeptide derived from hG-CSF by substitution of N- 
terminal amino acid (cf. Fig. 41 ): 

A 3 ug portion of pCSF1-2 (4.5 kb) obtained by the procedure of Reference Example 4 was dissolved 
in 60 ul of Y-100 buffer, 8 units each of the restriction enzymes Apa l (Boehringer Mannheim) and Bam HI 
were added, and cleavage was conducted at 37* C for 3 hours. About 0,4 ug of a DNA fragment ( Apa l- 
BamHI fragment) about 1.5 kb in size and containing most of the hG-CSF gene was recovered from the 
reaction mixture by the LGT method. 

Separately, 2 ug of pGEL1 [Sekine et al.: Proc. Natl. Acad. Sci. USA, 82, 4306 (1985)] (obtained from a 
culture of E coli IGEL1 FERM BP-629 by the conventional method) (3.4 kb) was dissolved in 40 ul of Y-100 
buffer, 4 units each of the restriction enzymes Hindlll, Bam HI and Pstl were added, and cleavage was 
carried out at 37* C for 3 hours. About 0.5 ug of a DNA fragment (Pstl- Bam Hl fragment) about 1.7 kb in 
size and containing the lipoprotein gene-derived terminator was obtained from the reaciton mixture by the 
LGT method. 

Separately, 3 ug of pKYP10 prepared by the method described in JP-A-58- 110600 or U.S. Patent 



BanI Hindlll 



CGAT A 



AGCTT 
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25 
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35 



4,686,191 was dissolved in 60 ul of Y-100 buffer, 6 units each of the restriction enzymes Ban 111 (Toyobo) 
and Pstl were added, and cleavage was effected at 37 ? C for 3 hours. About 0.5 ug of a DNA fragment 
(BanfiPPstl fragment) about 1.1 kb in size and containing the tryptophan promoter (Ptrp) was obtained from 
the reaction mixture by the LGT method. 

On the other hand, in view of the necessity of providing a codon for substituting Ser, Cys, Arg or Gly for 
the N-terminal amino acid Thr of mature hG-CSF and providing the initiation codon (ATG) necessary for 
expression and the necessity of adjusting the distance between the SD sequence and ATG downstream 
from Ptrp to an appropriate length within the range of 6 to 18 bp and for other reasons, the following DNA 
linker was synthesized: 

Ser 

(4mix) Cys 
JLanlll 26-mer Arg 

Met Gly Pro Leu Gly 
5'-LCG ATAAGCTTQl3(I3[l£3!Il2(^ C-3' 
3'- TATTCGAA TAC NCA GGT GAT -5' 
* 20-mer Umix) 

where N stands for any of the bases G, A, T and C. 

First, the single-strand 26-mer and 20-mer DNAs were synthesized by the ordinary triester method. 
Twenty picomoles each of the 26-mer and 20-mer were dissolved in 40 ul of T4 kinase buffer, 6 units of T4 
polynucleotide kinase was added, and phosphorylation was carried out at 37° C for 60 minutes. 

Then, 0.3 ug of the pCSFl-2-derived Apa l- Bam HI fragment (about 1.5 kb), 0.2 tig of the pGEL1 -derived 
Pstl-BamHl fragment (about 1.7 kb) and 0.2 ug of the expression vector pKYP1 0-derived Ban lll-Pstl 
fragment (about 1.1 kb), respectively obtained as described above, were dissolved in a total volume of 30 ul 
of T4 ligase buffer, about 1 picomole of the above DNA linker was added to the solution and, after further 
addition of 6 units of T4 DNA ligase to the solution, ligation was performed at 4° C for 18 hours. 

The recombinant plasmid-containing reaction mixture was used to transform Escherichia coli C600 SF8 
(PERM BP-1070) [Cameron et aL: Proc. Natl. Acad.Sci. USA, 72, 3416 (1975)] and Ap r colonies were 
obtained. A plasmid DNA was isolated and purified from one of the transformants by the known method. 
The structure of said plasmid DNA was confirmed by cleavage with Pstl, Eco RI and Ban lll, followed by 
poly aery lam ide gel electrophoresis. This plasmid was named pCfTL38, as shown in Fig. 41. Sequencing by 
the dideoxy method using M13 phage confirmed that the sequence in the vicinity of the N terminus of the 
hG-CSF derivative gene in the above polasmid was as follows: 



Met Ser Pro Leu Gly Pro Ala 
* pCf TL38-ATG AGT CCA CTA GGC CCT GCC 



45 (3) Construction of recombinant plasmid pCfWDI (cf. Fig. 42): 

A 5 ug portion of pCfTAl obtained by the method described in Reference Example 15 was dissolved in 
50 ul of Y-100 buffer, 10 units of the restriction enzyme Stul and 10 units of the restriction enzyme Ban lll 
(Toyobo) were added, and digestion was carried out at 37 C for 1 hour. About 0.5 ug of an hG-CSF cDNA- 
50 containing DNA fragment (Banlll-Stul fragment) about 1 .3 kb in size was obtained from the reaction mixture 
by the LGT method. Separately, 3 ug of pKYP26 (FERM BP-863) produced by the method of Reference 
Example 2 was dissolved in 50 ul of Y-100 buffer, 6 units of Bam HI was added, and digestion was carried 
out at 30 *C for 1 hour. 

Thereto was added an equal volume of phenol saturated with 10 mM Tris-HCl (pH 7.5) containing 1 mM 
55 EDTA and, after vigorous stirring, the aqueous layer was collected by low-speed centrifugation (3,300 rpm, 
10 minutes; hereinafter the same shall apply). An equal volume of chloroform was added to the aqueous 
layer, the mixture was stirred vigorously, and the aqueous layer was recovered again by low-speed 
centrifugation. One tenth volume of 3 M sodium acetate was added, then 2.5 volumes of ethanoi was 
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. . .^^ on'rfarl hour The resultant precipitate was 
added, and the resultant mixture was ^^^^^^^ This precipitate was dissolved in 30 
collected by centrifugal with cooling (4 C 11 ^J^JJ^'S ? t0 a JncenLion of 100 uM. 2 units 
B l of Klenow buffer. dATP. dTTP. dCTP and dGTP were added eacn ^ ^ q i5 mjnut s 

of DNA polymerase I Klenow fragment was a ^^.r^^ utB neat treatment at 68* C. NaCI was 
The ONA polymerase I Klenow fragment ** ; inactivated by C mmute e 

then added to a final concentration of 100 mM and a « 6 r a ^°;% erminator . conta inin 9 DNA fragment 
digestion was carried out at 37 C for 1 hou Abou «^ tne reac tion mixture by the LQT 

obtained from the reaction mixture by the LGT method. he pKY p 2 6- 

About 0.2 ug of the pCfTALderived BrtO-SM J^gjj ^ ^^erived Ban«..-Pstl 
derived BamHI (blunt end)-Pstl fragment (about 1.8 ^^.^"^ ^solved in 30 Hi of T4 DNAligaTe 
fragmentlabout 1 kb), respectively obtained "%££Z%^^" 18 hours - 
buffer. 4 units of T4 DNA ligase was added, and ligation was car nee i out ■ ^ ft 

The reaction mixture was used to ^^^^l^ZS^ ™*o6 of Birnboim et al. 
plasmid DNA was recovered from one of the colonies by the above me 



20 



25 



This was the plasmid pCfWDI shown in Fig. 42, 
(4) Construction of pCfT95K19 (cf. Fig. 43): 



30 



35 



40 



P CfT L 38 (5 u* as obtained in the above section (2) was J^^^^^S foM 
each of the restriction enzymes Hind... and Bgl. ^^j£ST^WI •"0"** about 2.6 kb 
hour. About 0.7 uq of a tryptophan P'° mo ^ n ™ 9 ^JS^&mWyTlOO ug of pCfTL38 was 
in size was obtained from the reaction mixture by the WTn«J»48» y^ ^ ^ ^ 
dissolved in 1.5 ml of Y-100 buffer JTSS? cDNA-c»ning DNA fragment was 

and digestion was carried out at 37 C for 6 hours. An ^ ELUTIP™-d (Schleicher & 

reaction mixture by polyacrylamide electrophoresis , diss0 lved in 100 ul of Y-100 buffer, 

Separately. 10 u.g of P CfTB20 obtamed «i the above sect-on £ iw q ^ 1 ^ After 

10 units of the resorption enzyme Aval was added, l™™" ^ and ^ed in 30 

phenol-chloroform extraction, the resultant DNA was recovered by ethano. prec p ^ ^ ^ 

Si of Klenow buffer. 2 units of DNA polymerase I was inactivated by 10-minute heat 

at 17- C for 30 minutes. The DNA po lymerase '"J^J^^^^^^^dlW^ 
treatment at 68* C. NaCI was added to a final <>«™Z^«^%£*i hour. About 0.3 ug of an Ipp 

il a r^^ — 1 about 480 bp in size was 

^xxrz "Ss^Skx 2 preyed 0 -, 

. pC fTL38-derived Hindl.l-Dpn. fragment (about 300 bp) and abou ^^^^ dissolve d inTO 
(blunt end)-Bgl.l &enT(ibout 480 bp), respectively obttwd "^STwl. curled out at 4* C for 18 
u, of T4 DNAiigase buffer, 4 units of T4 DNA l.gase was added ^W on ™ r co|onjes were obtained. 
Irs. The reaction mixture was used to ^^^^SZ^t^ * « * 

A plasmid DNA was recovered from one of the colon.es by the above me 
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A\ pidOIMiu w.... 

Thus was obtained pCfT95K19 s hown in Fig. 43. 
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(5) Construction of pCfAAl (cf . Fig. 43): 

A 5 U 9 Portion of p OT95 K19 JEST'S « 

Y-100 buffer. 7 units of the '?^ - OTj=^J°SS M 00 of a tryptophan promoter portion- 
added, and digestion was carried out at 37 C for 1 hour . adou i u.o *y terminator 
containing DNA fragment (Banlll-Bgll fragment) about 1 kb in s.ze and about ug 
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portion-containing DNA fragment (Bglt-Bgll fragment) about 1 .8 kb in size were obtained from the reaction 
mixture by the LGT method. 

Separately, 15 ug of pCfT95K19 was dissolved in 150 Ui of Y-100 buffer, 6 units of the restriction 
enzyme Bglt (Nippon Gene) and 10 units of Sau3AI were added, and digestion was carried out at 37* C for 
1 hour. About 0.3 ug of an hG-CSF cDNA portion-containing DNA fragment (BgII-Sau3AI fragment) about 
350 bp in size was obtained from the reaction mixture by polyacrylamide gel electrophoresis. 

Further, separately, the following DNA linker was synthesized: 



15.1 Sau3Al 
Ser Ser 



MbM 39mer (2tnix) 1 

Met Thr Pro Leu Gly Pro Asn 
5'i_CGATAAGCTT ATG ACA CCA CT§ GGC CCA AAC l TCG A GT CTi 
m 3^-}TATTCGAA TAC TGT GGT GAS CCG GGT TTG AGClCA GAOAGl-5' 

41mer(2mix) * v 



First, the single-strand 39-mer and 41-mer DNAs were synthesized by the ordinary triester method. 
Twenty picomoles each of the 39-mer and 41-mer were dissolved in a total volume of 40 ul of T4 kinase 
buffer, 6 units of T4 polynucleotide kinase (Takara Shuzo) was added, and phosphorylation was carried out 

20 at 37 * C for 60 minutes. 

Then, 0.1 ug of the pCfT95K19-derived Banlll-Bgil fragment (about 1 kb), 0.05 tig of the pCfT95K19- 
derived Bgll-Bgll fragment (about 1.8 kb) and 0.1 jxg of the pCfT95K19-derived Bgll-Sau3AI fraction (about 
350 bp), respectively obtained as described above, were dissolved in 25 ul of T4 DNA ligase buffer and 
about 2 picomoles of the above DNA linker was added to the solution. Further, 6 units of T4 DNA ligase 

25 was added and ligation was carried out at 4° C for 18 hours. 

The reaction mixture was used to transform Escherichia coli HB101 and Ap r colonies were obtained, A 
plasmid DNA was recovered from one of these colonies by the above-mentioned method of Birnboim et al. 
Thus was obtained pCfAAl shown in Fig. 43. Determination of the base sequence of the DNA linker portion 
of pCfAAl by the above-mentioned dideoxy sequencing method revealed that the third base of the codon 

30 coding for the 4th amino acid Leu was A. In this pCfAAl, that DNA portion coding for the 10th amino acid 
Pro to the 23rd amino acid Lys (14 amino acids) of hG-CSF is missing. Furthermore, a mutation has been 
introduced therein so that Asn is encoded in lieu of the 6th amino acid Ala of hG-CSF and an Xhol site 
newly occurs. 



(6) Construction of pCf AB5 (cf . Fig. 43); 



A 3 ug portion of pCf AA1 obtained as described in the preceding section was dissolved in 30 ui of Y- 
100 buffer, 5 units of the restriction enzyme Xho l was added, and digestion was carried out at 37* C for 1 
40 hour. After confirmation of completeness of Xho l cleavage by means of agarose gel electrophoresis, 1 unit 
of the restriction enzyme Bgll (Nippon Gene) was added, and digestion was performed at 37 °C for 25 
minutes. About 1 ug of a tryptophan promoter portionand ipp terminator portion-containing DNA fragment 
(Xhol-Bgll fragment) about 3 kb in size was obtained from the reaction mixture by the LGT method. 
Separately, the following DNA linker was synthesized: 

45 
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X h 0 I 

Ser Ser Leu Pro Gin Ser Phe Leu 
TCGAGT CTA CCA CAG AGC TTC CT 



TEA GAT GGT.GTC TCG AAG GAAAATTT 



23mer 
25mer 



10 



15 



20 



25 



30 



35 




Sau3Al 
Lys 
AA 
TT 



CTAGj 



27mer (4mix) 
25mer (4mix) 



where N stands for G, A, T or C. 

This linker DNA contains that DNA portion coding for the 10th amino acid Pro to the 23rd amino acid 
Lys of hG-CSF which was missing in the hG-CSF cDNA in pCfAAt . 

First, the single-strand 27-mer, 25-mer (two kinds) and 23-mer DNAs were synthesized by the ordinary 
triester method. The 27-mer and the 25-mer complementary thereto as well as the 25-mer and the 23-mer 
complementary thereto were dissolved in a total volume of 40 ul of „T4 kinase buffer each in an amount of 
20 picomoles, 6 units of T4 polynucleotide kinase (Takara Shuzo) was added, and phosphorylation was 
carried out at 37* C.for 60 minutes. 

Then, 0.1 ug of the pCfAAl -derived Xhol-Bgll fragment (about 3 kb) obtained as described above and 
0.1 ug of the pCfT95Kl9-derived Bg<l-Sau3AI fragment (about 350 bp) obtained as described in the 
preceding section were dissolved in 30 ul of T4 DNA ligase buffer, 2 picomoles each of the above- 
mentioned DNA linker components were added to the solution and, after further addition of 6 units of T4 
DNA ligase, ligation was carried out at 4* C for 18 hours. 

The reaction mixture was used to transform Escherichia coli HB101 and Ap r colonies were obtained. A 
plasmid DNA was recovered from one of the colonies by the above-mentioned method of Birnboim et al. 
Thus was obtained pCfAB5 shown in Fig. 43. Determination of the base sequence of the DNA linker portion 
of pCfABS by the above-mentioned dideoxy sequencing method revealed that, in pCfABS, the first base of 
the codon coding for the 17th amino acid was A and, hence, that the codon coded for Ser in lieu of the 17th 
amino acid Cys of mature hG-CSF. 



(7) Construction of pCfBA8 (cf. Fig. 44): 

A 3 ug portion of pCfABS obtained as described in the preceding section was dissolved in 40 ul of Y- 
100 buffer, 5 units each of the restriction enzymes Aval and Bglll were added, and digestion was conducted 
at 37° C for 1 hour. About 1 ug of a tryptophan promoter portion- and fpp terminator portion-containing DNA 
fragment (Aval-Bglll fragment) about 2.8 kb in size was obtained from the reaction mixture by the LGT 
method. 

Separately, 6 ug of pCfWDl obtained in the above section (1) was dissolved in 50 ul of Y-100 buffer, 5 
units of the restriction enzyme BglH was added, and digestion was performed at 37 *C for 1 hour. After 
confirmation of completeness of Bglll cleavage by means of agarose gel electrophoresis, 3 units of the 
restriction enzyme Aval was addetTand partial cleavage was effected at 37 "C for 20 minutes. From the 
reaction mixture, there was obtained by the LGT method 0.4 ug of a DNA fragment (Bglll-Aval fragment) 
about 1 .3 kb in size and containing most of the hG-CSF cDNA. 

Then, 0.1 ug of the pCfABS-derived Aval-Bglll fragment (about 2.8 kb) and 0.3 ug of the pCfWDI- 
derived Bglll-Aval fragment (about 1 .3 kb), respectively obtained as described above, were dissolved in 25 
ui of T4 DNA ligase buffer, 3 units of T4 DNA ligase was added, and ligation was carried out at 4 # C for 18 
hours. 

The reaction mixture was used .to transform Escherichia coli HB101 and Ap r colonies were obtained. A 
plasmid DNA was recovered from one of these colonies by the above-mentioned method of Birnboim et al. 
Thus was obtained pCfBA8 shown in Fig. 44. 

The amino acid sequence of the hG-CSF derivative encoded by pCfBAS contains Asn in lieu of the 6th 
amino acid Ala of mature hG-CSF and Ser in lieu of the 17th amino acid Cys. 
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(8) Construction of pCfBD28 (cf. Fig. 44): 

First, the following DNA linker was synthesized: 











31mer 


(25 6ra i x) 




Xho I ' 


Banffl 


Met 


Ala Pro 


(4) (4) 


(4) 


(4) 






CGATAAGCTT 


ATG 


GCA CCA 


NCA NAT 


NGC 


GNC 


-3' 


3'- 


TATTCGAA 


TAC 


CGT GGT 


NGT NT A 


NCG 


CSG 


AGCT- 








3 3m er 


(256mix) 









where N stands for any of G t A, T and C. This DNA linker was obtained as a mixture of a total of 256 DNA 
linker species since the four bases represented by N in the coding strand each could be any of G, A, T and 
C. Thus, the linker designing was such that there were a total of 256 possibilities for the hG-CSF N-terminal 
amino acid sequence encoded by this DNA linker, namely four amino acids for each of the four relevant 
codons. 

First, the single-strand 31-mer and 33-mer DNAs were synthesized by the ordinary triester method. The 
31-mer and 33-mer [2 uq each) were dissolved in a total volume of 40 jllI of T4 kinase buffer, 30 units of T4 
polynucleotide kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37 *C for 60 
minutes. 

Then, 0.1 tig of the pCfBA8-derived Banlll-Bglll fragment (about 2.7 kb) and 0.1 ug of the pCfBA8- 
derived Xhoi-Bglll fragment (about 1 .4 kb) were dissolved in 25 ul of T4 DNA ligase buffer and about 2 
picomoles of the above DNA linker was added to the solution. After further addition of 6 units of T4 DNA 
ligase, ligation was carried out at 4° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli HB101 and Ap r 
colonies were obtained. Plasmid recovery from one of the colonies gave pCfBD28. Determination of the 
base sequence of the DNA linker portion by the above-mentioned dideoxy sequencing method revealed that 
the base sequence on the N-terminal side of the hG-CSF derivative was as follows: 

pCfBD28 

Met Ala Pro Thr Tyr Arg Ala 
ATG GCA CCA ACA TAT CGC GCC 

The hG-CSF derivative encoded by pCfBD28 is distinguished from mature hG-CSF by the following 
amino acid residue substitutions: 



Position of amino acid 
substitution (amino acid of 
hG-CSF) 


Plasmid 


pCfBD28 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (GJy) 


Tyr 


Fifth (Pro) 


Arg 


Seventeenth (Cys) 


Ser 



55 

The hG-CSF derivative encoded by pCfBD28 was named hG-CSF[ND28], A pCfBD28-carrying strain of 
Escherichia coli has been , deposited with the Fermentation Research Institute under the designation 
Escherichia coli ECfBD28 (deposit number FERM BP-1479) in accordance with the Budapest Treaty. 
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Reference Example 17 



Construction of recombinant plasmid pTkSR18: 



(1) Construction of recombinant plasmid pTkSJI: 



70 



75 



25 



30 



35 



About 2 ug of the pTA4 plasmid DNA obtained in Reference Example 8 was dissolved in 30 of Y-0 
buffer 10 unto of EcoRI and 30 units of Bbel were added, and digestion was earned out at 37 C for 2 
£ ur .' l^SU treatment at 65~C. a Bbel-EcoRI fragment ^ut f Kb .n s,ze was purged by 
the AFT method. Separately, about 3 ug of the pTA4 DNA was disced ,n 30 ul of Y4 hjTj* u«j of 
Kpnl was added, and digestion was effected at 37 C for 2 hours. Then, 1 .5 U I of i M NaC and M unit o 
l^RI were added and digestion was further carried out at 37 C for 1 hour. As a result ot mis senai 
IgLoTirSS £ completer digested with Kpn. and partiai.y digested £^^<2o? 
heat treatment at 65* C, an EcoRI-Kpnl fragment about 1.4 Kb m s.ze was purified by the AFT metnoo. 
S^HS!*?*- ioilowWtwo-Tynthetic DNAs (16-mer and 24-mer) ^J*- 1 ^^ 
Btosystems model 380 A DNA synthesizer and respectively 5 -phosphorylated ,n the same manner as 
mentioned above: 

5'-CTCCTGCCTCCCATGG-3' 
3' - CGCGGAGGACGGAGGGTACCTTAA — 5' 

The thus-obtained pTA4-derived Bbel-EcoRI fragment (about 2.8 Kb; about 0.1 ^ P™***£ 

subjected to structural analysis by restriction enzyme digestion and to sequencing | by tte dideoxy method 
using M13 phage. It was thus confirmed that pTkSJI had the desired structure (cf. Fig. 50). 

(2) Construction of recombinant plasmid PTkSR18: 

About 3 ug of the P TkSJ1 plasmid DNA obtained as described above was dissolved in 30 U. of Y-100 
buffer 10 units of Xhol and 15 units of Seal were added, and digestion was performed at 37 _C for 2 hou£ 
After 10 mnute helTtreatment at 65' CTa DNA fragment about 0.5 kb in s,ze was punfie I by the AFT 
method Separately about 2 ug of the P TrS33 plasmid DNA obtained in Reference Example 5-(2) was 
SllnSMf^ 150 mM KC. 8 units of Pyu. and 15 units of SaJ. were added and 
Sstion was effected at 37* C for 2 hours. After 10-minute heat treatment at 65 C a DNA fragment about 
? 0 kb il ste was purified by the AFT method. Further, separately, about 2 ug of the pTerrn2, P^d DNA 
lined in Reforen'ce Example 6 was dissolved in 30 u. of Y-150 ^l^*^^^ 
(New Enqland BioLabs) were added, and digestion was earned out at 37 C for 2 Jl ours ; ™%™ ™ ™ 
hetureaE at 65 ' C a DNA fragment about 1 .85 kb in size was purified by the AFT method Furthe the 
, o Sw ngto synthetic DNAs (35-mer and 31-mer) were synthesized using ***J*^ m ° de ' 380A 
' DNA synthesizer and respectively s'-phosphorylated in the ( same manner as menfoned above. 
5'-ACTGTGACGTCCCCAGCTGTTCTQAAGGAAATGCA-3 

^thSS <about 0.5 kb; about 0.05 ug) ■ P™£ = 

s PvuSa.. fragment (about 1 .0 kb; about!* ugT P Term2-denved Nsil-Pyu. «£^<»»" * * £ J£ 
5 oTugTand two s'-phosphorylated synthetic DNAs (1 picomole each) were dissolved I in 20 l ul of T4 Ugase 

buffer, 50 units of T4 DNA ligase was added, and ligation was carried out at 4 C to 18 n °" rs M 

The recombinant plasmid mixture thus obtained was used to transform Escherichia col, MM294 to give 
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Ap-resistant transformants. The pfasmid DNA pTkSR18 isolated from one of the transformant strains proved 
to have the desired structure upon structural analysis by restriction enzyme digestion and sequencing by 
the dideoxy method using M13 phage (cf. Fig. 51). 



Reference Example 18 



w Construction of recombinant plasmid pTkSS4: 



(1) Construction of recombinant plasmid pTkS0217: 

75 About 10 ug of the pTA4 plasmid DNA obtained in Reference Example 8 was dissolved in 100 ul of Y- 
100 buffer, about 30 units of Xho l was added, and digestion was carried out at 37* C for 2 hours. Then, the 
reaction mixture was subjected to phenoi-chloroform extraction, followed by ethanol precipitation. The DNA 
fragment thus recovered was dissolved in 50 ul of TE buffer [10 mM Tris-HCI (pH 7,5), 0.5 mM EDTAJ. To 
a 10-ul portion of this DNA solution were added 10 ul of 5-fold concentrated BAL31 buffer [100 mM Tris- 

20 HCl (pH 8.0). 3 M NaCI. 60 mM CaCI 2 , 60 mM MgCI 2 , 5 mM EDTA], 30 ul of water and 0.5 unit of 
exonuclease BAL31 (Takara Shuzo), and the reaction was carried out at 30 *C for 5 minutes. The reaction 
conditions employed were such that the DNA could be pared by about 0.5 kb from the Xho l terminus. The 
reaction was terminated by extraction with phenol. After further extraction with chloroform, the resultant DNA 
fragment was recovered by precipitation with ethanol. This DNA fragment was dissolved in 30 ul of Y-100 

25 buffer, 10 units of Bam HI was added, and digestion was carried out at 37* C for 2 hours. After 10-minute 
heat treatment at 65 C, a DNA fragment about 1 .5 kb in size was purified by the AFT method. 

Separately, about 2 ug of the pTrS33 plasmid DNA (Reference Example 5) was dissolved in 30 ul of Y- 
0 buffer, about 12 units of Sac! was added, and digestion was effected at 37* C for 2 hours. After phenol 
extraction and chloroform extraction, the resultant DNA fragment was recovered by ethanol precipitation and 

30 dissolved in a total of 40 ul of 50 mM Tris-HCI buffer (pH 7.8) containing 7 mM MgCl 2( 6 mM 2- 
mercaptoethanol, 0.25 mM dATP, 0.25 mM dCTP, 0.25 mM dGTP and 0.25 mM dTTP (hereinafter referred 
to as "polymerase buffer" for short), 6 units of the Klenow fragment (Klenow Pol I) (Takara Shuzo) was 
added, and the reaction was carried out at 15° C for 1 hour, whereby the Sac I cohesive ends were rendered 
blunt by paring off. The reaction was terminated by phenol extraction^ After further extraction with 

as chloroform, ethanot was added for causing DNA precipitation. The DNA fragment thus recovered was 
dissolved in 30 ul of Y-100 buffer, 10 units of Bam HI was added, and digestion was conducted at 37 °C for 
2 hours. After 10-minute heat treatment at 65 C, a DNA fragment about 2.8 kb in size was purified by the 
AFT method. 

The thus-obtained pTA4-derived DNA fragment (about 1.5 kb; about 0.2 ug) and pTrS33-derived DNA 
40 fragment (about 2.8 kb; about 0.1 ug) were dissolved in a total of 20 ul of T4 ligase buffer, 50 units of T4 
DNA ligase was added, and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 
resistant transformants. The plasmid DNA pTkSD217 isolated from one of the transformants was subjected 
to structural analysis by restriction enzyme digestion and to base sequence determination of a region 
45 downstream from the Escherichia coli tryptophan promoter (Ptrp) by the dideoxy sequence method using 
M13 phage. As a result, it was confirmed that pTkSD217 had the desired structure and that the base 
sequence was as follows (cf. Fig. 52): 



50 



IllI lindm 179 180 181 182 
I Met Asp Cys Tyr Phe 

Ar CGATA^AGCTT ATG GAC.TGC TAC TTT 



Kringle2 (K2 ) 



56 



(2) Construction of recombinant plasmid pTkSL11: 
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About 3 ug of the pTkSD217 plasmid DNA obtained as described above was dissolved in 30 ul of Y- 
100 buffer, 10 units of Hindlll and 15 units of Seal were added, and digestion was effected at 37 *C for 2 
hours. After 10-minute heat treatment at 65 *C, a DNA fragment about 0.23 kb in size was purified by the 
AFT method. Separately, about 2 ug of the pTerm2 plasmid DNA obtained in Reference Example 5 was 
s dissolved in 30 ul of Y-100 buffer, 10 units of Hindlll and 10 units of Nsil (New England BioLabs) were 
added, and digestion was carried out at 37 "C for 2 hours. After 10-minute heat treatment at 65 *C, a DNA 
fragment about 2.8 kb in size was purified by the AFT method. Furthermore, the following two synthetic 
ON As (35-mer and 31-mer) were synthesized using Applied Biosystems model 380A DNA synthesizer and 
respectively 5 -phosphoryiatedjDy the method mentioned above: 
jo 5-ACTGTGACGTCCCCAGCTGTTCTGAAGGAAATGCA-3' 
3'-TGACACTGCAGGGGTCGACAAGACTTCCTTT-5 

The thus-obtained pTkSD217-derived DNA fragment (about 0.23 kb; about 0.01 ug). pTerm2-derived 
DNA fragment (about 2,8 kb; about 0.1 ug) and two s'-phosphorylated synthetic DNAs (1 picomole each) 
were dissolved in a total of 20 ul of T4 ligase buffer, 300 units of T4 DNA ligase was added, and ligation 
75 was conducted at 4* C for 18 hours. 

The recombinant piasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 
resistant transformants. The plasmid DNA pTkSL11 isolated from one of the transformants was subjected to 
structural analysis by restriction enzyme digestion and to base sequence determination by the M13 dideoxy 
sequencing method, it was confirmed that pTkSL11 had the desired structure (cf. Fig. 53), 

20 

(3) Construction of recombinant plasmid pTkSS4: 

About 2 ug of the ptPA7 plasmid DNA obtained in Reference Example 1 was dissolved in 30 ul of Y- 
25 100 buffer, 12 units of the restriction enzyme Seal was added, and digestion was performed at 37 °C for 2 

hours. After 10-minute heat treatment at 65° 57a DNA fragment about 2.0 kb in size was purified by the 

AFT method. Separately, about 2 ug of the pTkSL11 plasmid DNA obtained as described above was 

digested in the same manner and, after 10-minute heat treatment at 65* C, a DNA fragment about 2.0 kb in 

size was purified by the AFT method. 
30 The thus-obtained ptPA7-derived DNA fragment (about 2.0 kb; about 0.1 ug) and pTkSLii -derived DNA 

fragment (about 2.0 kb; about 0.1 ug) were dissolved in 20 ul of T4 ligase buffer, 300 units of T4 DNA 

ligase was added, and" ligation was carried out at 4° C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 

resistant transformants. The plasmid DNA pTkSS4 isolated from one of the transformants was subjected to 
35 structural analysis by restriction enzyme digestion and it was confirmed that pTkSS4 had the desired 

structure (cf. Fig. 54). 



Reference Example 19 

40 



Construction of recombinant "plasmid pTG3: 

-^—45—. About 2 ug of the pTkSS4 .plasmid DNA obtained in Reference Example 18 was dissolved in 30 ul of 
Y-0 buffer, 10 units of the restriction enzyme Narl (New England BioLabs) was added, and digestion was 
effected at 37* C for 2 hours. Then, 1.0 ul of 2 M NaCI and 12 units of Bam HI were added and digestion 
was further effected at 37 °C for 2 hours. After 10-minute heat treatment at 65 *C, a DNA fragment about 
3.3 kb in size was purified by the AFT method. Separately, about 3 ug of the pTkSR18 plasmid DNA 
so obtained in Reference Example 17 was subjected to the same digestion reaction as above and, after 10- 
minute heat treatment at 65* C, a DNA fragment about 0.2 kb in size was purified by the AFT method. 

The thus-obtained pTkSS4-derived DNA fragment (about 3.3 kb; about 0.1 ug) and pTkSR18-derived 
DNA fragment (about 0.2 kb; about 0.01 ug) were dissolved in 20 ul of T4 ligase buffer, 100 units of T4 
DNA ligase was added, and ligation was carried out at 4* C for 18 hours. 
55 The r combinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 
resistant transformants. The plasmid DNA pTG3 isolated from one of the transformants was subjected to 
structural analysis by restriction enzyme digestion and it was confirmed that pTG3 had the desired structure 
(cf. Fig. 55). 
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Reference Example 20 



s Construction of recombinant plasmid phPA2: 



About 2 ug of the pTG3 plasmid DNA obtained in Reference Example 19 was dissolved in 30 ul of Y- 
100 buffer, 10 units each of EcoRI and Pyul were added, and digestion was carried out at 37* C for 2 hours. 
After 10-minute heat treatment at 65°CTa DNA fragment about 1.7 kb in size was purified by the AFT 
10 method. 

Separately, about 2 ug of the pUKB101 plasmid DNA obtained in Reference Example 12 was dissolved 
in 30 ul of Y-100 buffer, 10 units each of Nco l and Pvul were added, and digestion was carried out at 37* C 
for 2 hours. After 10-minute heat treatment at 65* C, a DNA fragment about 3.0 kb in size was purified by 
the AFT method. 

is Further, separately, about 2 ug of the pTkSR18 plasmid DNA obtained in Reference Example 17 was 
dissolved in 30 ul of Y-100 buffer, 10 units each of Hindlll and Aatll were added, and digestion was carried 
out at 37* C for 2 hours. After 10-minute heat treatment at 65* CTa DNA fragment about 0.55 kb in size was 
purified by the AFT method. 

Furthermore, the following four synthetic DNAs (37-mer and 41-mer; 41-mer and 45-mer) were 

20 synthesized using Applied Biosy stems model 380 A DNA synthesizer: 



25 



30 



35 



40 



5 * - . CCCC AGC TGT TCT GAA GGA A AT AGT GAC TGC TAT GAG - 3 1 * 3 7 ~ mer ) 
3'- TGCAGGGG TCG ACA AGA CTT CCT TTA TCA CTG ACG ATA CTC -5 , ( 41 . mer ) 

5'- GGG AAT GGT CACTTT TAG CGA GGA AAG GCC AGC ACT GAC AC -3' 
3 1 - CCC TTA CCA GTG AAA ATG GCT CCT TTC CGG TCG TGA CTG TG GTA C-5 1 

(45-mer) 

These synthetic DNAs (20 picomoles each) were respectively phosphorylated at the 5 end by carrying out 
the reaction in 20 ul of T4 kinase buffer in the presence of 5 units of T4 DNA kinase (Takara Shuzo) at 
37 ° C for 30 minutes. 

The thus-obtained pTG3-derived DNA fragment (about 1.7 kb; about 0.05 ug), pUKB1 01 -derived DNA 
fragment (about 3.0 kb; about 0.05 ug), pTkSR18-derived DNA fragment (about 0.55 kb; about 0.05 ug) and 
5 -phosphorylated four synthetic DNAs (1 picomole each) were dissolved in a total of 20 ul of T4 ligase 
buffer, 300 units of T4 DNA ligase was added, and ligation was carried out at 4* C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap- 
resistant transformants. The plasmid DNA phPA2 isolated from one of the transformants was subjected to 
structural analysis by restriction enzyme digestion and to base sequence determination by the M13 dideoxy 
sequencing method and it was confirmed that phPA2 had the desired 

As detailedly described hereinabove, the present invention provides polypeptides having such prop- 
erties as protease resistance and thermal stability on a commercial scale by utilizing recombinant DNA 
techniques. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein wituout 
departing from the spirit and scope thereof. 

50 Claims 

1. A novel polypeptide having an amino acid sequence which allows addition of at least one 
carbohydrate chain thereto. 

2. A novel polypeptide as claimed in Claim 1 ( wherein the amino acid sequence which allows 
55 carbohydrate chain addition results from amino acid substitution in, amino acid deletion from or amino acid 

insertion into a polypeptide. 

3. A novel polypeptide as claimed in Claim i, wherein said amino acid sequence is a binding site for N- 
glycosylatton. 

70 



45 



BNSDOCID: <EP 0370205A2_1_> 



EP 0 370 205 A2 



10 



15 



20 



25 



^'glycosylated polypeptide derived from a polypeptide having an amino acid sequence to which at 

^^---^ 

Carb 7 0hV A d ' !lpepL or glycosylated polypeptide as c.aimed in Claim 1 or 5. wherein the carbohydrate 
addition site occurs on a surface site of said polypeptide. polypeptide or 

alvcosvlated polypeptide is a modified human granulocyte colony stimulating factor J 6 ^. wm an 

,C, T*X U i«d. o, glyc.syfc.ed polypeptide as Calmed in ««. ,0 which ermine an asp^lne 
residue in iieu of the 6m (from the N J™***^^^ ^ ,„ MM contains an ssparagme 

„L Seottd iron, the group consisting of » amino acid sequences sho«n ,n Table 2. Table 3 and 
T3b «" A polypeptide o, g ,»oosy,a«,d polypeptide as claimed in Claim 1 or S, .herein sad « 

to the 164th (from the N terminus) amino acid (phenylalanine) residue D0 | V p©p«d or 

N terminus) amino acid (phenylalanine) residue. polypeptide or 

amino acid (proline). .. mu< in n - im 14 w hich has an amino acid 

17. A polypeptide or glycosylated polypeptide as cla.med in Claim 14 wn.cn 1 a 

carbohydrate chain thereto or glycosy.ated polypeptide having at least one carbohydrate chain 
A recombinant plasmid having a DNA as claimed in Claim ,18 inserted thereia 

^X^rZZ^&FZ belongs ,0 *e spec*s 



-45 

thereto. 
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Escherichia colL 

24. An animal cell as claimed in Claim 22, wherein said animal cell is a Chinese hamster ovary cell or a 
Namalwa cell. 

25. A method of producing a polypeptide or glycosylated polypeptide which comprises cultivating a 
s microorganism or animal cell as claimed in Claim 22 in a medium to thereby cause accumulation of a 

polypeptide or glycosylated polypeptide in the culture and recovering said polypeptide or glycosylated 
polypeptide from said culture. 

26. A method as claimed in Claim 25 which comprises cultivating said microorganism or animal cell in a 
medium containing an agent that inhibits an enzyme involved in biosynthesis or processing of the 

70 carbohydrate chain of 1-deoxynojirimycin, 1-deoxymannojirimycin or swainsonine to thereby change the 
structure of the carbohydrate chain added to the polypeptide. 

27. A method as claimed in Claim 25 or 26, wherein said microorganism is a strain of Escherichia coli, 
a yeast or a fungi. 

28. A method as claimed in Claim 25 or 26, wherein said animal cell is a Chinese hamster ovary cell or 
rs a Namalwa cell. 

29. A method of modifying the carbohydrate chain added to a glycosylated polypeptide produced by 
the method of Claim 25 which comprises treating said glycosylated polypeptide with a sialyltransferase or 
glycosidase selected from the group consisting of sialidase, 0-galactosidase, /S-N-acetylglucosaminidase. jS- 
mannosidase and endoglycosidase. 
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FIG. 1 
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FIG. 2 
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FIG 7(1) 
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